This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


Bulletin 


United  States.  Bureau  of  Entomology 


E.D. 


HARVARD    UNIVERSITY. 


LIBRARY 

OF    THE 

MUSEUM   OF  COMPARATIVE  ZOOLOGY 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


iBued  J&Duary  17. 1910. 

U.  S.  DEPARTMENT  OF  AGRICULTURE, 
BUREAU  OP  ENTOMOLOGY— BULLETIN  No.  81. 

L.  O.  HOWARD.  EiiUmologBt  and  Chief  of  Bunui. 


A  LIST  OF 
WORKS  ON  NORTH  AMERICAN  ENTOMOLOGY. 


Compiled  for  the  use  of  students  and  other  workers  as  well  as  for 
those  about  to  begin  the  collection  and  study  of  insects. 


NATHAN    BANKS, 

Assistant. 


WASHINGTON: 

GOVERNMENT    PRINTING    OFFICE. 
1910. 


Digitized  by  VjOOQ IC 


3^- 


V^^' 


BUREAU  OF  EXTOMOLOGY, 

L.  O.  IIowABD,  EniomolagiJit  and  Chief  of  Bureau. 

C.  L.  Marlatt,  Assistant  Entomologist  and  Acting  Chief  in  Absence  of  Chief. 

R.  S.  Clifton,  Executive  Assistant. 
CiiAS.  J.  GiLLiss,  Chief  Clerk. 

F.  H.  Chittenden,  in  charge  of  truck  crop  and  stored  product  insect  investigations, 
A.  D.  Hopkins,  in  charge  of  forest  insect  investigations. 
W.  D.  HuNTEB,  in  charge  of  southern  field  crop  insect  investigations. 
F.  M.  Webster,  in  charge  of  cereal  and  forage  insect  investigations. 
.A.  L.  QuAiNTANCE,  in  charge  of  deciduous  fruit  insect  investigations. 
E.  F.  Phillips,  in  charge  of  bee  culture. 

D.  M.  Rogers,  in  charge  of  preventing  spread  of  moths,  field  work. 
RoLLA  P.  Currie,  in  charge  of  editorial  work. 

Mabel  Colcobd,  librarian. 
2 


Digitized  by  VjOOQ IC 


LETFER  OF  TRANSMITFAL. 


United  States  Department  of  AgriculturEv 

Bureau  of  Entomou)gy, 
Washington^  />.  6'.,  October  10, 1909. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript,  by  Mr. 
Xathan  Banks,  an  assistant  in  this  Bureau,  entitled  "A  List  of  Works 
on   North   American   Entomology."    Similar  lists,   by  Mr.   E.   A. 
Schwarz  and  Mr.  Nathan  Banks,  were  published  in  1888  and  1900  as 
Bulletin  No.  19,  old  series,  and  Bulletin  No.  24,  new  series,  of  this 
office.     Since  1900  the  number  of  publications  on  North  American 
insects  has  greatly  increased,  so  that  Bulletin  No.  24  is  now  very  much 
out  of  date  and  there  is  a  great  demand  among  economic  entomolo- 
gists, students,  and  other  workers  for  a  new  bulletin  covering  the  same 
subject.     I  therefore  recommend  the  publication  of  this  manuscript 
as  Bulletin  No.  81,  of  the  Bureau  of  Entomology. 
Respectfully, 

L.  O.  Howard, 
Entomologist  and  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A  LIST  OF  WORKS  ON  NORTH  AMERICAN  ENTOMOLOGY. 


INTEODTJCTION. 

This  list  of  works  on  North  American  insects  is  a  revision  of 
Bulletin  No.  24  (new  series),  together  with  the  additional  titles 
that  have  been  published  since  the  issuance  of  that  bulletin  (1900). 
These  additions  are  very  extensive  in  some  of  the  orders;  indeed,  in 
many  families  the  recent  literature  has  completely  replaced  all  that 
before  treated  of  the  family  in  this  country.  The  appearance  of 
Wytsman's  Genera  Insectorum  has  added  many  papers  of  the  great- 
est importance  to  the  systematist.  The  widening  importance  of 
entomology  has  shown  that  almost  any  group  hitherto  of  little  eco- 
nomic value  may  suddenly  become  of  great  importance.  Therefore 
it  is  useful  to  keep  posted  on  all  systematic  work. 

This  list  is  intended  to  aid  the  student  in  such  systematic  study 
as  is  now  a  necessary  qualification  for  economic  work. 

4"  new  chapter  has  been  added,  namely,  titles  of  value  in  medical 
entomology. 

COMPKEHENSIVE   WOEKS   MOST   TTSEFXTL  FOE   THE   STXTDY   OF 
NOETH  AMEEICAN  INSECTS. 

Say,  Thomas. — Complete  writings  on  the  entomology  of  North  Amer- 
ica ;  edited  by  J.  L.  Le  Conte.     2  vols.     Nerw  York,  1859. 

PrincipaUy  descriptions  of  new  species;  contains  a  glossary  to  entomo- 
logical terms.    Now  out  of  print. 

CoMSTOCK,  J.  H. — A  manual  for  the  study  of  insects.     Ithaca,  N.  Y., 
1895. 

Packard,  A.  S. — Guide  to  the  study  of  insects.     New  York.    Many 
editions.     (First  edition,  Salem,  1869.) 

A  text-book  of  entomology.     New  York,  1898. 

Anatomy  and  morphology. 

Kellogg,  V.  L. — American  insects.     New  York,  1905,  pp.  674,  many 
figures.     Second  revised  edition,  American  Nature  Series,  1908. 

FoLSOM,  J.  W. — Entomology,  with  special  reference  to  itc  biological 
and  economic  aspects.     Philadelphia,  1906,  pp.  485,  many  figures. 

HowAKD,  L.  O. — The  insect  book.    New  York,  1901,  pp.  428,  pis.  48. 
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Banks,  N. — Directions  for  collecting  and  preserving  insects.  <Bul. 
67,  U.  S.  Nat.  Mus.,  1909,  pp.  135. 

Hyatt,  A.,  and  Arms,  J.  M. — Insecta.  No.  VIII,  Guides  for  science 
teaching.    Boston,  1890. 

BuRMEiSTER,  H.  C  C. — ^Handbuch  der  Entomologie.  Berlin,  1832- 
1855.     5  vols.     I.  Allgemeine  Entomologie. 

The  first  volume  treats  of  general  entomology;  Vol.  II,  part  1,  of  the 
Hemlptera ;  part  2,  of  Orthoptera ;  part  3,  of  Neiiroptera ;  the  re- 
mainhig  volumes  of  Ooleoptera. 
The  first  volume  has  been  translated  by  W.  E.  Shuckard,  under  the 
title,  Manual  of  Entomology.     1  vol.     Tx)ndon,  183G. 

Westwood,  J.  O. — An  introduction  to  the  modern  classification  of 
insects,  founded  on  the  natural  habits  and  corresponding  organi- 
zation of  the  different  families.     2  vols.     London,  1839-1840. 

KiRBY,  W.,  and  Spence,  W. — An  introduction  to  entomology.  4  vols. 
London,  1815-1826.    Several  later  editions,  some  in  two  volumes. 

Sharp,  D. — The  Cambridge  natural  history^ ;  insects.  2  vols. :  Vol.  1, 
1895;  vol.  2,  1899.     London. 

KoLBE,  H.  J. — Einfiihrung  in  die  Kenntnis  der  Insekten.  Berlin, 
1893. 

KiJNCKEL  d'Herculais,  J. — Les  Insectes,  les  Myriopodes,  et  les 
Arachnides.  Edition  fran^aise,  A.  E.  Brehm,  Merveilles  de  la 
Nature.    2  vols.    Paris,  1883. 

The  Standard  Natural  History. — Edited  by  J.  R.  Kingsley.  Bos- 
ton, 1884-1885. 

Volume  II  contains  the  Insects,  treated  by  the  following  authors: 
Hymenoptera.  J.  H.  Comstock  and  L.  O.  Howard ;  Coleoptera,  Geo. 
Dimmock;  Lepldoptera,  H.  Edwards  and  C.  H.  Fernald:  Diptera, 
S.  W.  Wniiston;  Orthoptera.  C.  V.  Riley;  Hemiptera,  P.  R.  Uhler; 
Neuroptera,  A.  S.  Packard;  Arachnida.  J.  H.  Emerton. 

BiOLOGiA  Centrali-Americana. — Edited  by  T.  Ducane  Godman  and 
Osbert  Salvin.    London,  issued  in  parts.     [Unfinished.] 

The  different  subjects,  as  far  as  published,  may  bo  secured  by  purchase 
from  foreign  book  dealers. 

Cowan,  F. — Curious  facts  in  the  history  of  insects.  Philadelphia, 
1865,  pp.  396. 

Comstock,  J.  H. — ^Insect  Life.  New  York,  1897,  pp.  eS49.  New  Edi- 
tion, 1901. 

Isaac,  J. — ^Entomology  in  outline.  <2nd  Bien.  Rep.  Comm.  Hort. 
Cal.,  f.  1905-1906,  pp.  37-154,  1907. 

Packard,  A.  S. — Entomology  for  beginners.    New  York,  1892. 
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BIBLIOGRAPHY.  9 

Hunter,  S.  J. — Elementary  studies  in  insect  life.     Topeka,  Kans., 

1902. 
Smith,  J.  B. — Explanation  of  terms  used  in  entomolog\\    Brooklj'n 

Entomological  Society,  1906. 

Handlirsch,  a. — Die  fossilen  Insekten,  und  die  Phylogenie  der 
rezenten  Formen.    Leipzig,  1908,  8  parts,  many  plates. 

BIBLIOGRAPHY. 

Hagex,  H.  a. — Bibliotheca  entomologica.  Die  Litteratur  iiber  das 
ganze  Gebiet  der  Entomologie  bis  zum  Jahre  1802.    Leipzig,  1802. 

Taschenberg,  O.— Bibliotheca  Zoologica.  II,  1889;  III,  1890. 
Leipzig. 

DeaHng  with  the  literature  of  entomolojjy  from  18G1  to  1880;  the  first 
volume,  under  Carus  and  Engelmann,  brought  the  subject  down  to 
1861,  duplicating  Hagen's  work. 

Zoological  Record. — Published  each  year  by  the  Zoological  Society 

of  London. 
BiBLiOGRAPHiA  ZooLOGiCA. — Published  in  parts,  in  connection  with 

the  Zoologischer  Anzeiger. 
ScuDDER,  S.  H. — Nomenclator  zoologicus.     <Bul.  22,  U.  S.  Xat.  Mus., 
1882. 

Contains  a  universal  index  to  the  genera  used  in  zoology  down  to  1880. 
Waterhouse,  C.  O. — Index  zoologicus.    London,  1902,  pp.  421. 

Names  of  new  genera  from  1880  to  1900;  thus  a  supplement  to  Scud- 
der's  work. 

Concilium  Bibliographicitm,  Zurich,  Switzerland,  issues  refer- 
ences on  cards.  One  can  purchase  the  cards  on  any  particular 
group  very  cheaply. 

Current  Literature  is  catalogued  in  several  publications,  notably 
Bulletin  de  la  Societe  Entomologique  de  France,  Zeitschrift  fur 
wissenschaftliche  Insektenbiologie,  Entomologische  Litteratur- 
blatter,  and  Zoologischer  Anzeiger. 

Henshaw,    S. — Bibliography    of    American    economic    entomology. 
Parts  I-V.    <U.  S.  Dept.  Agr.,  1890-1896. 
Literature  down  to  July  1,  18.SS. 

Banks,   N. — Bibliography    of    American    Economic    Entomolog\'. 
Parts  VI,  VII,  VIII.     <U.  S.  Dept.  Agr.,  1898,  1901,  1905. 
Literature  from  June  30,  1888,  to  January  1,  1905. 

Bibuography  op  Insects  of  the  West  Indies. — Report  of  Commit- 
tee, Proceedings  British  Association  for  the  Advancement  of 
Science,  1888,  pp.  1-28. 
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Fauna  Arctica. — Edited  by  Romer  and  Schaudinn,  Jena.  Entomo- 
logical parts  are:  Collembola,  by  SchaeflFer,  1900;  Lepidoptera, 
by  Pagenstecher,  1901 ;  Tenthredinidae,  by  Kiaer,  1902 ;  Hymen- 
optera,  by  Friese,  1902;  Hemiptera,  by  Breddin,  1902;  Acarida, 
by  Tragardh,  1905;  Aranese,  Opiliones,  Chernetes,  by  Strand, 
1906;  Myriopoda,  by  Attems,  1906. 

STSTEUATIC  WOBES  ON  SINGLE  OEDEBS  OF  INSECTS. 

HTMENOPTEBA. 

I.^CATALOOUES. 

Cresson,  E.  T. — Catalogue  of  species  arid  bibliography.  Part  2  of 
Synopsis  of  the  Ilynienoptera  of  America,  north  of  Mexico. 
Synopsis  and  catalogue.  <Trans.  Amer.  Ent.  Soc,  Supple- 
mentary volume,  1887.    Philadelphia,  1887. 

Dalla  Torre,  C.  G.  de. — Catalogus  Hymenopterorum.  10  vols. 
Leipzig,  1893-1900. 

I,  Tenthredinidffi ;  II,  Cynipidie ;  III,  Ichneumonidae,  etc. ;  IV,  Braconidse ; 
V,  Chalcidldffi  and  Proctotrupidte ;  VI,  Chrysididae;  VII,  Formi- 
cidae;  VIII,  Fossores;  IX,  Vespidtp;  X.  Apldae.  Each  volume  can 
be  purchased  separately. 

//.  GENERAL  WORKS  0\  CLASSIFICATIO\. 

Cresson,  E.  T. — Synopsis  of  the  families  and  genera  of  the  Hymen- 
optera,  north  of  Mexico,  together  with  a  catalogue  of  the  de- 
scribed species  and  bibliography.  <  Trans.  Amer.  Ent.  Soc, 
supplementary  volume,  Part  I,  1887. 

The  second  part  contains  the  Catalogue  of  Species  and  Bibliography. 

Lepeletier  de  Saint  Fargeau,  Compte  Amedee. — Histoire  naturelle 
des  insectes,  Hymenopteres.  4  vols.,  Paris,  1836-1846,  pis.  48. 
Fourth  vol.  by  A.  Brulle. 

Fox,  W.  J. — A  proposed  classification  of  the  fossorial  Hymenoptera 
of  North  America.  <Proc.  Acad.  Nat.  Sci.  Phila.,  1894,  pp.  292- 
307. 

AsHMEAD,  W.  H. — Classification  of  the  horntails  and  sawflies,  or  the 
suborder  Phytophaga.  <Can.  Ent.,  1898,  pp.  142-148,  177-183, 
205-213,  226-232,  249-257,  281-287. 

Classification    of    the    bees,    or    the    superfamily    Apoidea. 

<Trans.  Amer.  Ent.  Soc,  xxvi,  pp.  49-100,  1899. 

Superfamilies  in  the  Hymenoptera  and  generic  synopses  of 


the  families  Thynnida?,  Myrmosida?,  and  Mutillida?.     <Journ. 
N.  Y.  Ent.  Soc.,  1899,  pp.  45-60. 


Digitized  by  VjOOQ IC 


HYMENOPTERA.  11 

AsHMEAD,  W.  H. — A  classification  of  the  entomophilous  wasps,  or 
the  superfamily  Sphegoidea.  <Can.  Ent.,  1899,  pp.  145-155, 
161-174,  212-225,  238-251,  291-300,  322-330,  345-357. 

Classification  of  the  ichneumon  flies,  or  the  superfamily  Ich- 

neumonoidea.     <Proc.  U.  S.  Nat.  Mus.,  xxiii,  pp.  1-200,  1900, 

• Classification  of  the  fossorial,  predaceous,  and  parasitic  wasps, 

or  the  superfamily  Vespoidea.  <Can.  Ent.,  1900,  pp.  145-155, 
185-188,  295-296;  1902,  pp.  79-88,  131-137,  163-166,  203-210, 
218-231,  268-273,  287-291;  1903,  pp.  3-8,  39-44,  95-107,  155-158, 
199-205,  303-310,  323-332;  1904,  pp.  5-9. 

— Classification  of  the  pointed-tailed  wasps,  or  the  superfamily 

Proctotrypoidea.  <Journ.  N.  Y.  Ent.  Soc.,  1902,  pp.  240-247; 
1903,  ppl  28-35,  8e-99. 


—  Classification  of  the  gall-wasps  and  the  parasitic  Cynipoids,  or 
the  superfamily  Cynipoidea.  <  Psyche,  1903,  pp.  7-13,  59-73, 
140-155,  210-216.  ' 

Classification  of  the  chalcid  flies,  or  the  superfamily  Chalci- 


doidea.     <Mem.  Carnegie  Mus.,  i,  No.  4,  pp.  531,  pis.  9,  1904. 

III.^MONOGRAPHfi  AND  SYNOPSES. 
TENTHREDINIDiE    AND    UROCERID.E. 

Norton,  E. — Catalogue  of  the  described  Tenthredinidro  and  Uro- 
ceridse  of  North  America.  <  Trans.  Amer.  Ent.  Soc,  i,  pp. 
31-84,  193-280,  1867;  ii,  pp.  211-242,  321-367,  1868-1869. 

Gives  synoptic  tables  of  genera  and  species  of  botli  families;  the  Uro- 
ceridae  are  treated  in  Vol.  II,  pp.  349-367. 

Cresson,  E.  T. — Catalogue  of  the  Tenthredinidse  and  Uroceridaj  of 
North  America.     <  Trans.  Amer.  Ent.  Soc,  viii,  pp.  53-68,  1880. 

A  synonymical  reference  list  of  the  species;  the  Uroceridse  are  treated 
on  pp.  66-67. 

Cameron,  P. — Monograph  of  the  British  Phytophagous  Hymenop- 
tera.     2  vols.     London,  1882-1885. 

Contains  an  arrangement  of  the  subfamilies  and  genera  of  Tenthre- 
dinidffi,  which  has  been  reproduced  by  Cresson  in  his  general  worlt 
of  classification. 

KoNow,  W.  F.— Fam.  Tenthredinidse.  <Gren.  Ins.,  Fasc.  29,  pp.  176, 
pis.  3,  1905. 

Fam.  Siricidse.     <Gen.  Ins.,  Fasc.  28,  pp.  14,  pi.  1, 1905. 

Fam.  Lydidse.     <Gen.  Ins.,  Fasc.  27,  pp.  27,  pi.  1, 1905. 


Digitized  by  VjOOQ IC 


12  WORKS   ON   NORTH   AMERICAN   ENTOMOLOGY. 

MacGillivray,  a.  D. — A  study  of  the  wings  of  the  Tenthredinoidea, 
a  superfamily  of  Hymenoptera.     <Proc.  U.  S.  Nat.  Mus.,  xxix, 
pp.  569-654,  pis.  24,  1906. 
Table  to  the  subfamilies. 

Marlatt,  C.  L. — Revision  of  the  Nematinee  of  North  America,  a  sub- 
family of  leaf- feeding  Hymenoptera  of  the  family  Tenthredin- 
ida?.  ^<Tech.  ser.  3,  Div.  Ent,  U.  S.  Dept.  Agr.,  pp.  135,  1896. 

MacGilijvray,  a.  D. — New  species  of  Tenthredinidse,  with  table  of 
species  of  Strongylogaster  and  Monoctenus.  <Can.  Ent.,  1894, 
pp.  324-328. 

The  American  species  of  Priophoriis.     <Can.  Ent.,  1906,  pp. 

305-307. 

New  species  of  Tenthredo.     <Journ.  N.  Y.  Ent.  Soc,  1S1)7, 

pp.  103-108. 

Table  of  imrt  of  genus. 

The    American    species    of    Perineiira.     <Can.    Ent.,    1895, 

pp.  7-8. 

A  new  genus  and  some  new  species  of  Tenthredinida*.    <Can. 


Ent.,  1909,  pp.  345-362. 
Table  of  Callroa. 

Harrington,  W.  H. — Canadian  Hymenoptera,  No.  4.  <Can.  Ent, 
1894,  pp.  193-196. 

Table  of  Monophadnua  and  part  of  Tenthredo. 

RoHWER,  S.  A. — The  sawfly  genus  Cryptocampus  in  Boreal  North 
America.     <Journ.  N.  Y.  Ent.  Soc.,  1909,  pp.  7-25. 

Dyar,  H.  G. — The  larva?  of  the  North  American  sawflies.  <Can. 
Ent.,  1895,  pp.  337-344. 

On  the  larvae  of  certain  Nematina*  and  Blennocampinae,  with 

description  of  new  species.     <Journ.   N.   Y.   Ent.   Soc.,   1898, 
pp.  121-138. 

Tables  to  Periclista,   Isodyctium,   the  larvfe  of   Blennocampinse,    and 
Ashniead's  table  to  genera  of  Blennocampinje. 

Bradley,  C.  J. — The  North  American  Oryssida?.  <Trans.  Amer. 
Ent.  Soc,  XXVII,  pp.  317-318,  1901. 

CYNIPID.E. 

OsTEN  Sacken,  C.  R. — On  the  Cynipida*  of  the  North  American  oaks 
and  their  galls.  <Proc.  Ent.  Soc.  Phila.,  i,  pp.  47-72,  1861- 
1863;  additions  and  corrections,  I.  c,  pp.  241-259. 
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OsTEN  Sacken,  C.  R. — Contributions  to  the  natural  history  of  the 
Cynipidse  of  the  United  States.  <Proc.  Ent.  Soc.  Phila.,  ii,  pp. 
33-49,  1863-1864;  iv,  pp.  331-380,  1865;  Trans.  Amer.  Ent.  Soc., 
Ill,  pp.  54-64,  1870-1871. 

Continuation  of  the  foregoing  imper,  botli  containing  valuable  contribu- 
tions to  the  classification  of  genera  and  species. 

Walsh,  B.  D. — On  dimorphism  in  the  Hymenopterous  genus  Cynips ; 
with  an  appendix,  containing  hints  for  a  new  classification  of 
Cynipida?,  inchiding  descriptions  of  several  new  species  inhabit- 
ing the  oak  galls  of  Illinois.  <Proc.  Ent.  Soc.  Phila.,  ii,  pp. 
443-500,  1863-1864. 

ilAYR,  G. — ^Die  Genera  der  gallenbew^ohnenden  Cynipiden.  <20ter 
Jahresbericht  der  Communal-Oberrealschule  im  I.  Bezirk.  Wein, 
1881. 

AsHMEAD,  W.  H. — A  bibliographical  and  synonymical  catalogue  of 
the  North  American  Cynipida?,  with  description  of  new  species. 
<  Trans.  Amer.  Ent.  Soc,  xii,  pp.  291-304,  1885. 

Synopsis  of  the  North  American  subfamilies  and  genera  of 

Cynipida?.     < Trans.  Amer.  Ent.  Soc.,  xiii,  pp.  59-64,  1886. 

VON  Dalla  Torre,  K.  W.,  et  Kieffer,  J.  J. — Fam.  Cynipidse.  <Gen. 
Ins.,  Fasc.  9  &  10,  pp.  84,  pis.  3,  1902. 

AsHMEAD,  W.  H. — On  the  cynipidous  galls  of  Florida,  with  descri])- 
tions  of  new  specie.s  and  synopses  of  the  described  species  of 
North  America.     <  Trans.  Amer.  Ent.  Soc.,  xrv,  pp.  125-158, 

1887. 

Gillette,  C.  P. — A  monograph  of  the  genus  Synergus.  < Trans. 
Amer.  Ent.  Soc.,  xxiii,  pp.  85^100,  1896. 

Beutenmijller,  W. — The  North  American  species  of  Khodites  and 
their  galls.  <Bul.  Amer.  Mus.  Nat.  Hist.,  xxiii,  pp.  629-(>51, 
1907. 

The  species  of  Holcaspis  and  their  galls.     <Bul.  Amer.  Mns. 

Nat.  Hist.,  XXVI,  pp.  29-45,  1909. 

The  species  of  Amphibolips  and  their  galls.     <BuI.  Amer. 

Mus.  Nat.  Hist.,  xxvi,  pp.  47-66,  1909. 
The  North  American  species  of  Diastrophus  and  their  galls. 

•<Bul.  Amer.  Mus.  Nat.  Hist.,  xxvi,  pp.  135-145,  1909. 
The  species  of  Biorhiza,  Philonix,  and  allied  genera  and  their 

galls.     <Bul.  Amer.  Mus.  Nat.  Hist.,  xxvi,  pp.  243-256,  1909. 
■Some  North   American   Cynipidae   and   their   galls.     <Bul. 


Amer.  Mus.  Nat.  Hist.,  xxvi,  pp.  277-281,  1909. 

Treats  of  Eumayria,  Belonocnema,  Solenozoplieria,  and  C'ompsodryoe- 

DUS. 


Digitized  by  VjOOQ IC 


14  WORKS   ON   NORTH   AMERICAN   ENTOMOLOGY. 

EVANIID^. 

ScHLETTERER,  A. — Die  Hymenoptereii-Gruppe  der  E vaniiden.    <  Ann. 

k.  k.  Naturh.  Hofmuseums,  Wien,  iv,  pp.  107-180,  289-338,  373- 

546,  1889. 
Kjeffer,  J.  J. — Fam.  Evaniidse.     <Gen.  Ins.,  Fasc.  2,  pp.  13,  pi.  1, 

1902. 
Bradley,    C.    J. — The    Evaniidse    of    America,    north    of    Mexico. 

<  Trans.  Amer.  Ent.  Soc.,  xxviii,  pp.  319-330,  pi.  1,  1901. 
Treats  only  of  the  Aulacln®. 
The  Evaniidse,  ensign-flies;  an  archaic  family  of  Hymenop- 

tera.     <Trans.  Amer.  Ent.  Soc,  xxxiv,  pp.   101-194,  pis.   11, 

1908. 

ICHNEUMONIDJE. 

Foerster,  a. — Synopsis  der  Familiem  und  Gattungen  der  Ichneumo- 
nen.  <Verh.  naturh.  Ver.  preuss.  Rheinl.  u.  WestphaL,  xx\', 
pp.  135-221,  1868.     Aachen. 

Berthoumieu,  V. — Subfam.  Ichneumoninae.  <Gen.  Ins.,  Fasc.  18, 
pp.  87,  pis.  2,  1904. 

Szepligeti,  V. — Fam.  Ichneumonidse.     Gruppe  Ophioninse.     <G«n. 

Ins.,  Fasc.  34,  pp.  71,  pis.  2,  1905. 
ScHMiEDEKNECHT,  O. — Subfam.  PimpUna*.      <Gen.  Ins.,  Fasc.   62, 

pp.  120,  pis.  2,  1907;  Subfam.  Cryptinse.     <Gen.  Ins.,  Fasc.  75, 

pp.  165,  pis.  4,  1908. 

Norton,  E. — Catalogue  of  our  species  of  Ophion,  Anomalon,  Panis- 
cus,  and  Campoplex.     <Proc.  Ent.  Soc.  Phila.,  i,  pp.  357-368, 

1863. 

Synoptic  arrangement  of  the  North  American  j^enera  and  8i)ecies  of 
the  subfamily  Ophionina?. 

Cresson,  E.  T. — Descriptions  of  North  American  Hymenoptera  in 
the  collection  of  the  Entomological  Society  of  Philadelphia. 
<Proc.  Ent.  Soc.  Phila.,  iii,  pp.  131-196,  1864. 

Consists  chiefly  of  a  synopsis  of  the  North  American  species  of  the 
genus  Ichneumon. 

— A  list  of  the  Ichneumonidse  of  North  America,  with  descrip- 
tions of  new  species.  < Trans.  Amer.  Ent.  Soc,  i,  pp.  289-312, 
1867;  II,  pp.  89-114,  1868-1869. 

Descriptions  of  new  species  belonging  to  the  subfamily  Pim- 

plarise  found  in  America,  north  of  Mexico.  <  Trans.  Amer. 
Ent.  Soc,  III,  pp.  143-172,  1870-1871. 

Tabulates  the  genera   Piuipla,  Polysphincta,   Glypta,  Arenetra.    Lam- 
pronota,  Xylonomus,  and  Odontomerus,  with  a  list  of  all  species. 
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Cresson,  E.  T. — Notes  on  the  species  belonging  to  the  subfamily 
lehneumonides  found  in  America,  north  of  Mexico.  < Trans. 
.Vmer.  Ent.  Soc.,  vi,  pp.  129-212, 1877. 

A  synopsis  of  the  genera  and  species  of  the  subfamily  Ichneumoninee. 

Davis,  G.  C. — A  review  of  the  Ichneumonid  subfamily  Tryphoninro. 

< Trans.  Amer.  Ent.  Soc.,  xxn',  pp.  193-348,  1897. 
A  monograph  of  the  tribe  Bassini.     < Trans.  Amer.  Ent.  Soc., 

XXII,  pp.  17-30,  1895. 

Two  new   species  of  Clistopyga.     <Ent.   News,   1895,   pp. 


198-199. 

Contains  table  of  species. 
AsHMEAD,  W.  H. — Descriptions  of  new  Ichneumonidse  in  the  collec- 
tion of  the  U.  S.  National  Museum.     <Proc.  U.  S.  Nat.  Mus,, 
XII,  pp.  387-^51,  1900. 

Tables  of  Erlsticus,  Cryptiis,  Hemiteles,  Orthopelma,  and  Limneria. 

Felt,  E.  P. — Synopsis  of  certain  genera  of  the  Ophionini.     <19th 

Rep.  N.  Y.  State  Ent.,  Bui.  76,  N.  Y.  State  Mus.,  pp.  97-125,  pis. 

2,  1904. 
Bradley,  C.  J.— The  genus  Platylabus  Wesmael.     <Can.  Ent.,  1903, 

pp.  275-283. 
Bri:es,  C.   T. — Descriptions  of  new   ant-like  and   myrmecophilous 

Hymenoptera.     <  Trans.  Amer.  Ent.  Soc,  xxix,  pp.  119-128, 

pL  1,  1903. 

Table  of  Pezomaclius. 

Davis,  G.  C. — A  study  of  the  genus  Meniscus.     <Can.  Ent.,  1894, 

pp.  321-324. 
Harrington,    W.    H. — Two   new   species   of   Canadian    Pimplinse. 
<Can.  Ent.,  1891,  pp.  132-134. 
Tables  to  Xorldes  and  Xylonomus. 

Canadian  Hymenoptera  No.  2.     <Can.  Ent.,  1893,  pp.  29-32. 

Synopsis  of  Coleoeentrus  and  Ecthrus. 

Hertzog,  p.  H.— a  new  Euceros.    <Ent.  News,  1909,  pp.  245-246. 
ScHMiEDEKXECHT,  O. — Opuscula  Ichncumouologia.    Blankenburg  im 
Thiiringen. 

Very  useful  in  classification;  22  fascicles  now  issued. 

STEPHANIDiE. 

EIiEFFER,  J.  J. — Fam.  Stephanidaj.  <Gen.  Ins.,  Fasc.  77,  pp.  10,  pi.  1., 
1909. 

BRACONID^. 

Cresson,  E.  T. — List  of  the  North  American  species  of  the  genus 
Aleiodes,  Wesmael.  < Trans.  Amer.  Ent.  Soc,  ii,  pp.  377-382, 
1868-1869. 
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Riley,  C.  V. — Oji  North  American  Microgasters,  with  descriptions  of 
new  species.    <Trans.  St.  Louis  Acad.  Sci.,  iv,  Xo.  2,  1881. 

Marshall,  T.  A. — Monograph  of  the  British  Braconidse.  Part  I. 
< Trans.  Ent.  Soc.  London,  1885,  pp.  1-280,  pis.  i-iv. 

Marshairs  classification  is  that  reproduced  by  Cresson  in  his  Synopsis. 

AsHMEAD,  W.  H. — Synopsis  of  the  Hormiina?  of  North  America. 

< Trans.  Amer.  Ent.  Soc,  xx,  pp.  39^4,  1893. 
FoERSTER,  A. — Synopsis  der  Familien  und  Gattungen  der  Braconen. 

<Verh.  naturh.  Ver.  preuss.  Rheinl.  u.  Westphal.,  xix,  Aachen., 

pp.  225-288,  1862. 
SzEPLiGETi,  V. — Fam.  Braconidse.     <Gen.  Lis.,  Fasc.  22,  a  &  b,  pp. 

253,  pis.  3,  1904. 
AsHMEAD,  W.  H. — Descriptions  of  new  Braconids  bred  by  Prof.  A.  D. 

Hopkins.    <Can.  Ent.,  1893,  pp.  67-79. 
Tables  of  species  of  Sitathius  and  Cflenophanes. 
Descriptions  of  new  Braconidse  in  the  collection  of  the  U.  S. 

National  Museum.     <Proc.  U.  S.  Nat.  Mus.,  x,  pp.  611-G71, 

1888. 

Tables  of  Aphidius  and  Lysiphlebns. 

Brues,  C.  T. — North  American  species  of  Aph^reta.  <12th  Rep. 
Ent.  Minn.,  1908,  p.  196. 

TRlGONALIDiE. 

ScHULZ,  A. — Fam.  Trigonalidse.  <Gen.  Ins.,  Fasc.  61,  pp.  24,  pis.  3, 
1907. 

See  also  paper  by  Melauder  and  Brues  under  Chrysididse. 

CHALCIDID^. 

FoERSTER,  A. — Synoptische  Uebersicht  der  Familien  und  Gattungen 
in  den  beiden  Gruppen  der  Chalcidia?  Spin,  und  Proctotrupii 
Latr.     <Jahresber.  d.  hoheren  Biirgerschule  in  Aachen,  185(). 

Cresson,  E.  T. — Synopsis  of  the  North  American  species  belonging 
to  the  genera  Leucospis,  Smicra,  and  Chalcis.  <Trans.  Amer. 
Ent.  Soc,  IV,  pp.  29-60,  1872-1873. 

Howard,  L.  O. — Descriptions  of  North  American  Chalcididae  from 
the  collections  of  the  U.  S.  Department  of  Agriculture  and  of 
Dr.  C.  V.  Riley,  with  biological  notes  [first  paper] ,  together  with 
a  list  of  the  described  North  xVmerican  species  of  the  family. 
<Bul.  5,  Div.  Ent.,  U.  S.  Dept.  Agr.,  Washington,  1885. 

A  generic  synopsis  of  the  Hymenopterous  family  Chalcidida*. 

<Ent.  Amer.,  i,  pp.  197-199,  215-219;  ii,  pp.  33-38,  1885-1886. 
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Howard,  L.   O. — Revision  of  the  Aphelininae  of  North   America. 

<Tech.  Ser.  1,  Div.  Ent.,  U.  S.  Dept.  Agr.,  pp.  44,  1895. 
On  the  Bothriothoracine  insects  of  the  United  States.    <Proc. 

U.  S.  Nat.  Mus.,  XVII,  pp.  605-613,  1896. 
On  some  new  parasitic  insects  of  the  subfamily  Encyrtinae. 

<Proc.  U.  S.  Nat.  Mus.,  xxi,  pp.  231-248, 1898. 
Revision  of  Aphycus. 

r-On  the  aphis- feeding  species  of  Aphelinus.     <Ent.   News, 

1908,  pp.  365-367. 

•On  some  American  phytophagic  P^urytomina?.     <Tech.  Ser. 


2,  Div.  Ent.,  U.  S.  Dept.  Agr.,  1896. 
A  synopsis  of  Isosoma  and  allies. 

AsHMEAD,  W.  H. — A  revised  generic  table  of  the  Chalcidina\     <Ent. 
Amer.,  1888,  pp.  87-88. 

Classification  of  the  old  family   Chalcididse.     <Proc.   Ent. 

Soc  Wash.,  IV,  pp.  242-249,  1899. 

On  the  Chalcideous  tribe  Chiropachides.     <Can.  Ent.,  1888, 

pp.  172-176. 

On  the  genera  of  the  Cleonymidae.     <Proc.  Ent.  Soc.  Wash., 

IV,  pp.  200-206,  1899. 

On  the  genera  of  the  Eucharidae.     <Proc.  Ent.  Soc.  Wash., 

IV,  pp.  235-242,  1899. 

A  revised  generic  table  of  the  Eurytominae,  with  descripticMis 

of  new  species.     <Ent.  Amer.,  1888,  pp.  41-43. 

On  the  genera  of  the  Eupelminae.     <Proc.  Ent.  Soc.  Wash., 

IV,  pp.  4-20,  1896. 

A  synopsis  of  the  Spalangiinae  of  North  America.     <Proc. 

Ent  Soc.  Wash.,  m,  pp.  27-37,  1894. 

On  the  genera  of  the  chalcid-flies  belonging  to  the  subfamily 


Encyrtina?.     <Proc.  U.  S.  Nat.  Mus.,  xxii,  pp.  323-412,  1900. 
■On  the  species  of  the  genus  Mirax  found  in  North  America. 


<  Psyche,  vi,  pp.  377-379,  1893. 

HowAAD,  L.  O. — New  genera  and  species  of  Aphelininse,  with  a  revised 
table  of  genera.  <Tech.  Ser.  12,  Pt.  iv,  Bur.  Ent.,  U.  S.  Dept. 
Agr.,  pp.  69-88,  1907. 

GiRAULT,  A.  A. — ^A  monographic  catalogue  of  the  Mymarid  genus 
Alaptus  Haliday,  with  descriptions  of  three  new  North  Ameri- 
can forms  and  of  Alaptus  iceryse  Riley  from  type  material. 
<Ann.  Ent  Soc  Amer.,  i,  pp.  179-195, 1908. 

13567— BuU.  81—10 2 
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(jiRAULT,  A.  A. — A  monographic  catalogue  of  tke  Mymarid  genus 
Coniptoptera  Foerster,  with  description  of  one  new  North  Amer- 
ican form.     <Ann.  E^nt.  Soc.  Amer.,  n,  pp.  22-29,  1909. 

Crawford,  J.  C. — Some  new  Chalcidoidea.  <Proc.  Ent.  Soc.  Wash., 
IX,  pp.  157-160,  1908. 

Table  of  Cerambycobius  and  Catolaccus. 

New  North  American   Ilymenoptera.     <Journ.   N.   Y.  Ent. 

Soc,  1907,  pp.  177-18;].  .      • 

Table  of  genera  ot  Monodontonioriiiu*. 
Notes  on  some  Chalcidoidea.     <Can.  Ent.,  1909,  pp.  98-99. 

Table  of  genera  of  Motasteuini. 

PR()(T()TRYPn).K. 

Howard,  L.  O. — A  generic  synopsis  of  the  Ilymenopterous  family 
Proctotnipidae.     <Trans.  Amer.   Ent.   Soc,  xiii,  pp.   109-178, 

1886. 

AsiiMEAD,  W.  H. — A  monograph  of  the  North  American  Proctotry- 
pidse.     <Bul.  45,  U.  S.  Nat.  Mus..  pp.  4i;8,  pis.  18,  IHm, 

KiEFFER,  J.  J. — Fam.  Bethylidie.  <Geu.  Ins.,  Ease.  7r),  pp.  50,  pis. .'], 
1909. 

Brues,  C. — Fam.  Scelionida*.  <Gen.  Ins.,  Ease  80,  pp.  59,  pis.  2, 
1909. 

KiEFFER,  J.  J. — Fam.  Dryinida*.  <(jien.  Ins..  Ease  54,  pp.  3.*^,  pis.  2, 
1907. 

Brues,  C.  T. — Notes  and  descriptions  of  North  American  Parasitic 
Hymenoptera.  <Bul.  Wise  Nat.  Hist.  Soc,  in,  pp.  183-188, 
1905;  IV,  pp.  143-152,  1900;  v,  pp.  96-111,  1907;  v,  pp.  150-161, 
1907. 

Tables  of  Cbelo^rynns,   (Vrai)Iiron.   (JmIcsus,   Epyris,   (loniozus,    Macro- 
teleia,  and  Sparaison. 

chrysidid.k. 

Norton,  E. — On  the  Chrysides  of  North  America.     <Trans.  Amer. 
Ent.  Soc,  VII,  pp.  2:W-242,  1878-1879. 
Gives  tables  of  genera  and  species. 

Aaron,  S.  F. — The  North  American  Chrysididiv.  <Trans.  Amer. 
Ent.  Soc,  XII,  1885.  pp.  209-248,  Pis.  vi-x. 

MocsARY,  A. — Monographia  ChrysididMrum  orbis  terrarum  universi. 
Budapest,  1889,  pp.  643. 
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Mel.\nder,  a.  L.,  and  Brues,  C.  T. — New  species  of  Gasteruption, 
Trigonalys,  Parnopes,  and  Psammophila.  <Biol.  BuL,  iii,  pp. 
35-42,  1902. 

Table  of  Psammophila,  Panioi)es,  and  Trigonalys. 

Viereck,  II.  L. — The  North  American  cuckoo  wasps  of  the  genus 
Parnopes.     <Trans.  Amer.  Ent.  S(x\,  xxx,  pp.  245-250,  1004. 

roRMK  n>-K. 

Mayr,  (i.  L. — Die  Formiciden  der  Vereinigten  Staaten  von  Nord- 
amerika.     <Verh.  k.  k.  zool.-bot.  Ges.  Wien,  1886,  pp.  419-404. 

JImery,  C. — Beitriige  zur  Kenntniss  der  nordanierikanischen  Amei- 
senfauna.  <Part  I,  Zool.  Jahrb.,  Abth.  f.  Syst.,  vn,  pp.  633- 
682,  1804.     <Ibid.,  Part  II,  viii,  pp.  257-3(>0,  1805. 

Wheeler,  W.  M. — A  revision  of  the  North  American  ants  of  the 
genus  Leptothorax  Mayr.  <Proc.  Acad.  Nat.  Sci.  Phila.,  1903, 
pp.  215-260,  pi.  1. 

The  North  American  ants  of  the  genus  Stenamma.    <Psyche, 

1003,  pp.  164-168. 

The  ants  of  Texas,  New  Mexico,  and  Arizona.     <Bul.  Amer. 

Mus.  Nat.  Hist.,  Pt.  i,  xxiv,  pp.  300-185,  pis.  2,  1008. 

The  American  ants  of  the  sub-genus  Colobopsis.     <  Bui.  Amer. 

Mus.  Nat.  Ilist.,  xx,  pp.  130-158,  1004. 

An  annotated  list  of  the  ants  of  New  Jersey.     <Bul.  Amer. 

Mus.  Nat.  Hist.,  xxi,  pp.  371-408,  1005. 

An  analytic  key  to  the  genera  of  the  family  Formicida?  for  the 

identification  of  the  workers.     <Amer.  Nat.,  xxxvi,  pp.  707-725, 
1002.     (Translated  from  Emery.) 

The  North  American  ants  of  the  genus  Dolichoderus.     <Bul. 

Amer.  Mus.  Nat.  Hist.,  xxi,  pp.  305-310,  1005. 

The  North  American  ants  of  the  gemis  Liometopum.     <Bul. 

Amer.  Mus.  Nat.  Hist.,  xxi,  pp.  321-333,  1005. 

The  fungus-growing  ants  of  North  America.     <Bul.  Amer. 

Mus.  Nat.  Hist.,  xxiii.  pp.  660-808,  pis.  5,  1007. 
Uevises  our  Attli.' 

MITILLID.K. 


Bl.vke,  C.  a. — Synopsis  of  the  Mutillidie  of  North  America.  < Trans. 
Amer.  Ent.  Soc,  iii,  pp.  217-265,  1870-1871;  Additions  and  Cor- 
rections, IV,  pp.  71-76,  1872-1873. 

Catalogue  of  the  Mutillida*  of  North  America,  with  descrip- 
tions of  new  species.     <Trans.  Amer.  Ent.  Soc,  vii,  pp.  243-254, 

1878-1879. 


Digitized  by  VjOOQ IC 


20  WORKS   ON    NORTH   AMERICAN    ENTOMOLOGY. 

Blake,  C.  A. — Monograph  of  the  Mutillidee  of  North  America. 
< Trans.  Amer.  Ent.  Soc,  xiii,  pp.  179-286,  1886. 

This  monograph  supersedes  the  synopsis  by  the  same  author. 

Fox,  W.  J. — ^The  North  American  Mutillidae.  <  Trans.  Amer.  Ent. 
Soc,  XXV,  pp.  219-292,  1898. 

Melander,  a.  L. — Notes  on  North  American  Mutillidae,  with  de- 
scriptions of  new  species.  <Trans.  Amer.  Ent.  Soc.,  xxix,  pp. 
291-330,  pi.  1,  1903. 

Andre,  E. — Fam.  Mutillidae.  <Gen.  Ins.,  Fasc.  11,  pp.  77,  pis.  3, 
1903. 

ViERECi^,  H.  L. — The  species  of  Odontophotopsis.  <Trans,  Amer. 
Ent.  Soc.,  XXX,  pp.  81-92,  1904. 

SAPYom.!!:. 

Cresson,  E.  T. — [Synoptic  table  of  the  North  American  species  of 
Sapyga.]     <Trans.  Amer.  Ent.  Soc,  viii,  pp.  xx-xxi,  1880. 

SCOLIID^. 

DB  Saussure,  H.,  and  Sichel,  J. — Catalogus  specierum  generis  Scolia. 
Geneva,  pp.  352,  pis.  2,  1864. 

POMPILID^. 

CRBseoN,  E.  T. — Notes  on  the  Pompilidae  of  North  America,  with  de- 
scriptions of  new  species.  <Trans.  Amer.  Ent.  Soc,  i,  pp.  85- 
150,  1867. 

Fox,  W.  J. — The  species  of  Pepsis  inhabiting  America,  north  of 
Mexico.     <Proc.  Ent.  Soc.  Wash.,  iv,  pp.  140-148,  1897. 

The  North  American  species  of  Ceropales.     <  Trans.  Amer. 

Ent.  Soc,  XIX,  pp.  49-63,  1892. 

SPHEGIDX. 

Patton,  W.  H. — Some  characters  useful  in  the  study  of  Sphecidse. 
<Proc.  Boston  Soc  Nat.  Hist.,  xx,  pp.  378-385,  1880. 
Critical  notes  od  genera  and  species. 

Kohl,  F.  F. — Die  Hymenopterengruppe  der  Spheginen.  <Ann.  k. 
k.  Naturh.  Hofmuseums,  Wien,  v,  pp.  77-194,  317-462,  1890. 

Fehnald,  H.  T. — Notes  on  the  North  American  species  of  Isodontia 
Patton,  with  descriptions  of  a  new  species  and  variety.  <Can. 
Ent.,  1903,  pp.  209-271. 
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Fernald,  H.  T. — The  digger  wasps  of  North  America  and  the  West 
Indies,  belonging  to  the  subfamily  Chlorioninsp.  <Proc.  U.  S. 
Nat.  Mus.,  XXXI,  pp.  291-423,  pis.  5,  1906. 

MEiiANDER,  A.  L. — Synopsis  of  North  American  species  of  Am- 
mophila.     <  Psyche,  1903,  pp.  156-163. 

Smith,  H.  S. — The  Sphegoidea  of  Nebraska.  <Univ.  Studies,  viii 
(4),  pp.  88,  pi.  1,1908. 

Includes  species  of  the  other  fossorial  famUies. 

BEMBECIDJE. 

Packard,  A.  S. — [See  work  cited  under  Larridee.] 

Patton,  W.  H. — The  American  Bembecidse:  Tribe  Stizini.     <Bul. 

U.  S.  Geol.  and  Geog.  Surv.,  v.  No.  3,  pp.  341-347,  1879. 
Fox,  W.  J. — Synopsis  of  the  Stizini  of  Boreal  America.     <Proc. 

Acad.  Nat.  Sci.  Phila.,  1895,  pp.  264-268. 
Synopsis  of  the  Bembicini  of  Boreal  America.     <Proc.  Acad. 

Nat.  Sci.  Phila.,  1895,  pp.  351-374. 
Handlirsch,  A. — Monographic  der  mit   Nysson  und   Bembex  ver- 

wandten  Grabwespen.    7  parts.     <Sitzber.  k.  Akad.  Wissensch., 

Wien,  1887-1893,  pp.  150,  pis.  23. 

Il\RRIDiE. 

Packard,  A.  S. — Revision  of  the  Fossorial  Hymenoptera  of  North 
America.  I.  Crabronidae  and  Nyssonidae.  <Proc.  Ent.  Soc. 
Phila.,  VI,  pp.  39-114,  353-444,  1866. 

This  work  includes  revisions  of  tlie  following  families :  Larridae,  Bem- 
becid«,  Philanthidae,  Mimesidae,  Mellinld»,  Pemphredonldse,  and 
Crabronidse. 

Patton,  W.  H. — List  of  North  American  Larridee.  <Proc.  Boston 
Soc.  Nat.  Hist.,  xx,  pp.  385-397,  1880. 

Table  of  genera ;  list  of,  and  notes  on,  species. 
Fox,  W.  J. — ^Monograph  of  the  North  American  species  of  Tachytea. 
<Trans.  Amer.  Ent.  Soc.,  xix,  1892,  pp.  234-252. 

The   North    American   Larridae.      <Proc    Acad.    Nat.    Sci. 

Phila.,  1894,  pp.  467-551. 

Synopsis  of  the  North  American  species  of  Astatus,  Latr. 


<Can.  Ent.,  1892,  pp.  232-235. 
Abhmead,  W.  H. — Two  new  genera  of  sand  wasps.     <Ent.  News, 
1898,  pp.  187-189. 
Table  of  Miseophinns. 
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AsHMEAD,  W.  H. — Three  new  species  in  the  genus  Diploplectron 
Fox.    <Ent.  News,  1899,  pp.  55-56. 

Four  new  species  belonging  to  the  genus  Plenoculus  Fox. 

<  Psyche,  viii,  pp.  337-839,  1899. 

RoHWER,  S.  A. — Xew  Hymenoptera  from   western   United  States. 
<Trans.  Amer.  Ent.  Soc,  xxxv,  pp.  99-136,  1909. 
Tables  of  Nitellopsis  and  Diploplectron. 

NYSSONID.I^. 

Packard,  A.  S. — [See  work  cited  under  Larridae.] 

Cresson,  E.  T. — Descriptions  of  the  species  l)elonging  to  the  genus 
Nysson,  inhabiting  North  America.  <Trans.  Amer.  Ent.  Soc, 
IX,  pp.  273-284,  1881-1882. 

Handlirsch,  a. — [See  work  cited  under  Bembecidse.] 

Fox,  W.  J. — Synopsis  of  the  species  of  Xysson  inhabiting  America, 
north  of  Mexico.     <Journ.  N.  Y.  Ent.  Soc,  1896,  pp.  10-16. 

Synopsis  of  the  North  American  Gorytes.    <Proc.  Acad.  Nat. 

Sci.  Phila.,  1895,  pp.  517-539. 
[See  work  cited  under  Mellinida*.] 


PHILANTHlD.l-:. 

Cresson,  E.  T. — Monograph  of  the  Philanthida*  of  North  America. 
<Proc.  Ent.  Soc.  Phila.,  v,  pp.  85-132,  1865. 

Packard,  A.  S. — [See  work  cited  under  Larrida?.] 

Patton,  W.  H. — Notes  on  the  Philanthina^.  <Proc.  Bost.  Soc.  Nat. 
Hist.,  XX,  pp.  397-405,  1880. 

Cresson,  E.  T. — [Table  of  the  North  American  species  of  the  genus 
Eucerceris.]      <Trans.  Amer.  Ent.  Soc,  x,  pp.  v-viii,  1882-1883. 

Dunning,  S.  N. — Monograph  of  the  species  of  Aphilanthops  inhabit- 
ing Boreal  America.  <Trans.  Amer.  Ent.  Soc,  xxv,  pp.  19-26, 
1898. 

ViERECK,  H.  L.,  and  Cockerell,  T.  D.  A. — The  Philanthida?  of  New 
Mexico.     <Journ.  N.  Y.  Ent.  Soc,  1904,  pp.  84-88,  129-146. 

Baker,  C.  F. — Notes  on  Aphilanthops.  <Can.  Ent.,  1895,  pp.  335- 
336. 

MI3IESID^. 

Packard,  A.  S. — [See  work  cited  imder  Larridae.] 

Fox,  W.  J. — The  species  of  Psen  inhabiting  America,  north  of 
Mexico.     <Trans.  Amer.  Ent.  Soc.  xxv.  pp.  1-18.  1898. 
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MELLINID^. 

Packard,  A.  S. — [See  work  cited  under  Larridap.] 

Fox,  W.   J. — Studies   amon^  the   fo^sorial   Ilymenoptera.     <Ent. 
News,  1894,  pp.  86^89,  120-128,  201-208. 
Synopses  of  Alyson,  Dldinels.  and  Mellinus. 

PEMPIIREDONIDiE. 

Packard,  A.  S. — [See  work  cited  under  Larrida?.] 

Fox,  W.  J. — The  North  American  Pemphredonidae.  < Trans.  Amer. 
Ent.  Soc,  XIX,  pp.  307-32G,  1892. 

CRABRONID^. 

Packard,  A.  S. — [See  work  cited  under  Larridse.] 

Fox,  W.  J. — The  Crabroninre  of  Boreal  America.  <Trans.  Amer. 
Ent.  Soc,  XXII,  pp.  129-226,  189r). 

On  the  species  of  Trypoxylon  inhabiting  America,  north  of 

Mexico.     <Trans  Amer.  Enl.  S(U\,  xviii,  pp.  136-148,  1891. 

Baker,  C.  F. — Studies  in  Oxybelida^.  I.  < Pomona  Journ.  Ent.,  i, 
pp.  27-30,  1909. 

Table  of  Belomicrus. 

MASARID.E. 

DE  Saussure,  H. — Synopsis  of  American  wasps.     Solitary  Wasps. 
< Smithsonian  Miscellaneous  Collections,  254.  Washington,  1875. 
This  work  monographs  the  American  Masaridae  and  Eumenidae. 

EL3IENID-E. 

DE  Saussure,  II. — [See  w^ork  just  cited  under  Masarida?.] 

VESPID^. 

DE  Saussure,  H. — fitudes  sur  la  famille  des  Vespides.  Monographic 
des  guepes  socialas  on  de  la  tribu  des  Vespiens.  Paris,  185B. 
pp.  256. 

Bemerkungen  iiber  die  Gattung  Vespa,  besonders  iiber  die 

amerikanischen  Arten.     <Stettiner  Ent.  Zeit.,  xviii,  pp.  114- 
117,  1857. 

Xote  sur  les  Polices  americains.     < Ann.  Soc.  Ent.  France, 


1857,  pp.  309-314. 
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Lewis,  H.  W. — Vespinae  of  the  United  States  and  Canada.  <Trans. 
Amer.  Ent.  Soc,  xxiv,  pp.  169-192,  1897. 

VON  Dalla  Torre,  K.  W. — Fam.  Vespidae.  <(ien.  Ins.,  Fasc.  19,  pp. 
108,  pis.  6,  1904. 

ANTHOPHILA    (aNDRENID^  AND  APIDJ^:). 

Cresson,  E.  T. — A  list  of  the  North  American  species  of  the  genus 
Anthophora,  with  descriptions  of  new  species.  < Trans.  Amer. 
Ent.  Soc.,  II,  pp.  289-293,  1868-1869. 

Catalogue  of  North  American  Apidae.     <Trans.  Amer.  Ent. 

Soc.,  VII,  pp.  215-232,  1878-1879. 

A  synonymlcal  reference  Mst  of  the  species. 

Patton,  W.  H. — Generic  arrangement  of  the  Bees  allied  to  Melissodes 
and  Anthophora.  <Bul.  U.  S.  Geol.  and  Geog.  Surv.,  v,  pp. 
471-479,  1879. 

Cresson,  E.  T. — On  the  North  American  species  of  the  genus  No- 
mada.     <Proc.  Ent.  Soc.  Phila.,  ii,  pp.  280-312,  1863. 

On  the  North  American  species  of  several  genera  of  Apida*. 

<Proc.  Ent.  Soc.  Phila.,  ii,  pp.  373-411,  1864. 

List  of  the  North  American  species  of  Bombus  and  Apathus. 

<Proc.  Ent.  Soc.  Phila.,  ii,  pp.  83-116,  1863. 

On  the  North  American  species  of  the  genus  Osmia.     <Proc. 

Ent.  Soc.  Phila.,  in,  pp.  17-43,  1864. 
Descriptions  of  new  North  American  Hymenoptera  in  the 

collection    of    the    Amei'ican    Entomological    Society.      Family 

Apidae.     < Trans.  Amer.  Ent.   Soc.,  vii,  pp.  61-136,  201-^14, 

1878-1879. 

Robertson,  C. —  North  American  bees.     Descriptions  and  synonyms. 

<Trans.  Acad.  Sci.  St.  Louis,  vii,  pp.  315-356,  1897. 
Synopsis  of  the  North  American  species  of  the  genus  Oxy- 

belus.     < Trans.  Amer.  Ent.  Soc.,  xvi,  pp.  77-85,  1889. 
Descriptions  of  new  species  of  North  American  bees.     <Trans. 


Amer.  Ent.  Soc,  xviii,  pp.  49-66,  1891. 
Table  of  local  Andrena. 

CocKERELL,  T.  D.  A. — On  some  Panurgine  and  other  l)ees.     <Trans. 
Amer.  Ent.  Soc,  xxv,  pp.  185-198,  1898. 
Table  of  Calliopsis  and  Paniirginus. 

Baker,  C.  F. — American  bees  related  to  Melecta.     < Invert.  Pacif., 
I,  pp.  142-145,  1906. 
Table  of  Eriocrocis. 
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Bruner,  L. — Some  notes  on  the  bee  genus  Andrena.     < Trans.  Amer. 

Ent.  Soc.,  XXIX,  pp.  239-258,  1903. 
Table  of  species. 
CocKERELL,  T.  D.  A. — Didasia  Patton;  a  genus  of  l)ees.     <Amer. 

Nat.,  XXXIX,  pp.  741-745,  1905. 

Synopsis  of  the  North  American  bees  of  the  genus  Nomia. 

<  Entomologist,  1898,  pp.  31-33. 

Synopsis  of  the  North   American  bees  of  the  genus  Stelis. 

<  Entomologist,  1898,  pp.  166-169. 

The  North  American  bees  of  the  genus  Prosapis.     <Ento- 

mologist,  1898,  pp.  185-192,  216-219,  236-239. 
On  certain  genera  of  bees.     <Ann.  Mag.  Nat.  Hist.  (7),  vn, 

pp.  47-50,  1901. 

(ieneni  of  Anthophorince  and  AnthidUucp. 
The    North    American    bees    of    the    family    Anthophoridae. 

<  Trans.  Amer.  Ent.  Soc,  xxxii,  pp.  63-116,  1906. 

Tables  for  the  separation  of  some  bees  of  the  genera  Gelioxys 


and  Colletes.    <Psyche,  1905,  pp.  85-90. 

North  American  bees  of  the  genus  Nomada.     <Proc.  Acad. 


Nat.  Sci.  Phila.,  1903,  pp.  580-614. 

CRAWFX)Rn,  J.  C. — Notes  on  some    species   of    the    genus    Halictus. 
<Journ.  N.  Y.  Ent.  Soc,  1907,  pp.  183-189. 

The  bee  genus  Dialictus.     <Can.  Ent.,  1902,  p.  318. 

Fox,  W.  J. — Synopsis  of  the  North  American  species  of  Megacilissa. 
<  Psyche,  vi,  pp.  421-422,  1893. 

Synopsis  of  the  North  American  species  of  Nomia.     <Ent. 

News,  1893,  pp.  134-135. 

Synopsis  of  the  North  American  species  of  Melecta.     <Ent. 

News,  1893,  pp.  143-144. 

Lithurgopsis,  a  new  genus  of  bees.     <Ent.  News,  1902,  p.  137. 


Smith,  H.  S. — Contributions  toward  a  monograph  of  the  Ceratinidse 
of  North  and  Middle  America.  < Trans.  Amer.  Ent.  Soc,  xxxiii, 
pp.  115-124,  pi.  1,  1907. 

SwENK,  M.  H. — Specific  characters  in  the  bee-genus  Colletes.    <Univ. 
Nebr.  Studies.     Contrib.  Dept.  Ent.,  pp.  43-102,  pis.  3,  1908. 
Synopsis  of  part  of  genus. 

ViERECK,  H.  L. — Bombomelecta.  < Trans  Amer.  Ent.  Soc,  xxix. 
pp.  179-182,  1903. 

Andrenae  of  the  Canadian,  Alleghanian,  and  Carolinian  plant 

zones,  occurring  or  likely  to  occur  in  Connecticut.     <Ent.  News, 
1907,  pp.  280-288. 
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LovELL,  J.  II. — The  Buiiiblebees  of  Southern  Maine.     <Ent.  News, 
1907,  pp.  105-200. 

The  Colletidie  of  Southern  Maine.     <Can.  Ent.,  1907,  pp. 

363-305. 

and  CocKEREix,  T.  I).  A. — The  Bees  of  Maine.    Spheeodida\ 

<Psyche,  1907,  pp.  101-110. 
List  of  American  siH'cios. 
The  Megachilida?  of  Southern  Maine.     <"Psyche,  1907,  pp. 

15-21. 

The  Ilalictidie  of  Southern  Maine.    < Psyche,  1008,  pp.  32-40. 

■The    Xomadine    and    Epeoline     bees    of    Southern     Maine. 


<  Psyche,  1905,  pp.  39-12. 

Robertson,  C. — Synopsis  of  Anthophila.      <Can.   Ent.,  1904,  pp. 

37-44. 

This  aud  the  following  papers  by  Mr,  Rol)Grtsou  treat  of  the  Illinois 
bees. 

Synopsis  of  Sphecodina\     <Ent.  News,  1903,  pp.  103-107. 

Synopsis     of    Euceridte,    Eniphorithv,    and     Anthophorida?. 

<Trans.  Amer.  Ent.  Soc,  xxxi,  pp.  305-372,  1905. 

Synopsis  of  Epeolina*.     <C^m.  Ent.,  1903,  pp.  281-288. 

Synopsis  of  Prosopis  and  C'olletes,  with  supplementary  notes 

and  descriptions.     <Can.  Ent.,  1904,  pp.  273-278. 

Synopsis  of  Xomadina*.     <Can.  Ent.,  1903,  pp.  172-179. 

Synopsis  of  Ilalictina^     <Can.  Ent.,  1902,  pp.  243-250. 

Synopsis  of  the  Andrenina\    < Trans.  Anier.  Ent.  Soc,  xx^^II, 

J)]).  187-195,  1902. 

■  Synopsis  of  Me^jaclnlida*  and  Bonibina*.    <Trans.  Amer.  Ent. 


Soc,  XXIX,  pp.  ir,3-17S,  1903. 

Brues,  C.  T.— Studies  of  Texaii  Bees.     <Ent.  News,  1903,  pp.  79-85. 
Tables  of  Tex.-in  Epeolns  and  ('(plioxys. 

SwENK,  M.  II.,  and  Cockeuf.ll,  T.  D.  A. --The  bees  of  Nebraska. 
<Ent.  News,  1907,  pp.  51-58,  178-1^7.  293-:U)0. 

CocKKRELL,  T.   I).   A.— The   bees  of   Fh)ri»aiil,  Colorado.      <Bul. 
Amer.  Mus.  Nat.  Hist.,  xxii,  pp.  411M55,  1900. 
Table  of  jronera  near  Ileriaib^s. 

The  bees  of  the  ^enus  Nonuuhi  found  in  Colorado.     <Bul.  91:, 

Colo.  \^r,  Exp.  St  a.,  pp.  (•)9-.s5,  1901. 

'i'lTis,  E.  S.  G.— Coh)ra(lo  lionibida'.     <Can.  Ent.,  1902,  pp.  37-44. 
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CocKERELL,  T.  D.  A. — Tables  for  the  determination  of  New  Mexico 
bees.     <Bul.  Sci.  Lab.  Denison  Univ.,  xi,  pp.  41-73,  1898. 

The  bees  of  southern  California.     <BuL  So.  Cal.  Acad.  Sci., 

IV,  pp.  99-106,  1905. 
-The  bees  of  the  genus  Xomada    from   California.     <Proc. 


Acad.  Nat.  Sci.  Phila.,  1903,  pp.  559-579. 

Fowler,  C. — California  bees  of  the  genus  Xomada.     <Ent.  News, 
1899,  pp.  157-1G2. 

-^ The  Synhalonia  of  California.     <Can.  Ent.,  1899,  pp.  137-138. 

Some  California  bees.     <Psyche,  viii,  pp.  405-407,  1899. 

Table  of  CaUiopsis. 

The  Ilabropoda  and  Didasia  of  California.    <Can.  Ent.,  1899, 

pp.  283-286. 

■The  long-tongued  bees  (Apidae)  of  California.     <Rep.  Cal. 


Agr.  Exp.  Sta.,  1808-1901,  Pt.  ii,  pp.  310-330,  1902. 

ViERECK,  H.  L.,  CocKERELL,  T.  I).  A.,  TiTi  s,  E.  S.  G.,  Crawford,  J.  C, 
SwEXK,  M.  II. — Synopsis  of  the  hws  of  Oregon,  AA'ashington, 
British  Columbia,  and  Vancouver.  <Can.  Ent.,  1904,  pp.  93- 
100,  157-161,  189-196,  221-232;  1905,  pp.  277-287,  313-321;  1906, 
pp.  297-304. 

DIPTERA. 

OsTEN  Sacken,  C.  R. — Cataloging  of  the  described  Diptera  of  North 
^Vmerica.  [Second  edition.]  Washington,  Smithsonian  Institu- 
tion, 1878.     < Smiths.  Misc.  Coll.,  270. 

Aldrich,  J.  M. — A  catalogue  of  North  American  Diptera.  < Smiths. 
Misc.  Coll.,  XLvi  (No.  1444),  pp.  680,  1905;  Additions,  Journ. 
N.  Y.  Ent.  Soc,  1907,  pp.  2-9. 

Kertesz,  K. — Catalogus  Dipteroriim  husquo  Descriptorum.  Leipzig, 
I,  Sciaridae  to  Rhyphida^,  pp.  341,  1902.  IT,  Cecidomyiida?  to 
Cylindrotomidse,  pp.  357,  1902.  Ill,  Stratiomyiida^,  Xylo- 
phagida*,  Tabanida?,  Leptida^  pp.  367,  1908.  IV,  Oncodida^, 
Mydaida?,  Nemestrinida^,  Apiocerida^,  Asilida\  pp.  348,  1901). 
V,  Bombyliida^,  Scenopinida\  Therevida\  pp.  199,  1909. 

II.— GENERAL    WORK^   0\    CLA^t^IFICATION, 

WiLLiSTON,  S.  W. — Manual  of  North  American  Diptera.  3r(l  edi- 
tion, New  Haven,  Conn.,  1908,  pp.  405,  many  figures. 

Bibliography   of  North  American   Dipterology.     1878-1895. 

<Kans.  Univ.  Quart.,  iv,  pp.  129-144,  189(). 
A  list  of  articles  since  Osten  Sackeirs  cntalogiio. 
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Meigen,  F*.  W. — Systematische  Beschreibung  der  l>ekannten  euro- 
paischen  zweifliigeligen  Insecten.  7  vols.  Aachen  und  Hamni, 
1818-1838. 

Although  (lealiug  only  with  the  European  fauna  and  now  antiquated 
and  su|»er8eded  in  many  parts,  this  worlc  is  still  the  foundation  of 
the  modern  classification  of  Diptern. 

Wiedemann,  C.  R.  W. — Aussereuropaische  zweifliigelige  Insecten. 
2  vols.    Hamm,  1828-1830,  with  plates. 

A  continuation  of  Meigen*s  worlv,  and  containing  descriptions  of  many 
genera  and  species  belonging  to  the  North  American  fauna. 

Macquart,  J. — Dipteres  exotiques  nouveaux  ou  peu  connus.  2  vols, 
in  5  parts  and  5  supplements.  Paris,  1838-1855.  <Extr.  Mem. 
Soc.  Sci.  Arts,  Lille. 

Contains  descriptions  of  many  North  American  genera  and  8i>ecies. 

ScHiNER,  J.  R. — Fauna  Austriaca.  Die  Fliegen  (Diptera).  Nach  der 
analytischen  Methode  bearbeitet,  mit  der  Characteristik  sammt- 
licher  europiiischer  Gattungen,  der  Beschreibung  aller  in  Deutsch- 
land  vorkommenden  Arten  und  der  Aufzahlung  aller  bisher  be- 
schriebenen  europiiischen  Arten.  2  vols.  Wien,  1802-180-1. 
Although  dealing  with  the  Euroi)ean  fauna,  this  work  is  very  useful  on 
account  of  the  analytical  tables  of  families  and  genera. 

LoEW,  H.,  and  Osten  Sacken,  C.  R. — Monographs  of  the  Diptera  of 
North  America.  4  parts.  AVashington,  Smithsonian  Institu- 
tion, 1802-1872.     <  Smiths.  Misc.  Coll. 

The  several  monographs  will  be  found  under  the  resi>ective  families. 

LoEW,  H. — Diptera  America*  septentrional  is  indigena.  2  parts. 
Berlin,  1861-1872.  (Originally  published  in  10  centuriae  in  the 
Berliner  Entomologische  Zeitschrift.) 

Descriptions  of  1,000  North  American  Diptera,  but  without  synoptic 
arrangement. 

OsTEN  Sacken,  C.  R. — Western  Diptera:  Descriptions  of  new  gen- 
era and  species  of  Diptera  from  the  region  west  of  the  Missis- 
sippi, and  especially  from  California.  <Bul.  U.  S.  Geol.  and 
Geog.  Surv.,  iii,  pp.  189-354,  1877. 

Brauer,  Fr. — Die  Zweifliigler  des  kaiserlichen  Museums  zu  Wien. 
Parts  I-III.     Wien,  1880-1883. 

Contributions  to  the  classification  of  the  Diptera. 

TowNSEND,  C.  H.  T. — The  North  American  genera  of  Nemocerous 
Diptera.     <Trans.  Amer.  Ent.  Soc,  xix,  pp.  U4-l()0,  189!>. 

Walton,  W.  R. — An  illustrated  glossary  of  cha^totaxy  and  anatomi- 
cal terms  used  in  describing  Diptera.  <Ent.  News,  1909,  pp. 
307-319,  pis.  2. 
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IIL—MOSOGRAPHS  AM)  t^WOPSES. 
CECIDOMYIIDJ!:. 

WiNNERTZ,  J. — Beitrag  zu  einer  Monographic  der  (lallmiickeii. 
<Linna?a  Entomologica,  viii,  pis.  4,  1853. 

OsTEN  Sackex,  C.  R. — On  the  North  American  CVcidoniyida*. 
<  Monographs  of  the  Dipt  era  of  North  America,  by  II.  Loew 
and  C.  R.  Osten  Sacken,  Pt.  I,  pp.  173-205,  IH&2, 

Walsh,  B.  D. — On  the  insects,  Coleopterous,  Hymenopterous,  and 
Dipterous,  inhabiting  the  galls  of  certain  species  of  willow. 
Diptera.  <Proc.  Ent.  Soc.  Phila.,  in,  pp.  543-644,  18(>4;  vi, 
pp.  223-221),  18GG. 

VON  Bergenstamm,  J.,  arid  Loew,  P. — Synopsis  Cecidomyidarum. 
<Verh.  k.  k.  zool.-bot.  (ies.  Wien,  xxvi,  pp.  1-104,  1870. 
A  synoiwis  of  all  the  Hterature  of  the  family. 

Felt,  E.  P.— Studies  in  Cecidomyiida^.  II.  <Bul.  124,  N.  Y.  State 
Mus.,  pp.  307-422,  pis.  12,  11)08. 

MYCETUPHILID.K. 

WiNNERTZ,  J. — Beitrag  zu  einer  Monographie  der  Pilzmiicken. 
<Verh.  k.  k.  zool.-bot.  Ges.  Wien,  1863,  pp.  637-694. 

Useful  for  determination  of  genera;  no  American  species  are  described. 

Beitrag  zu  einer  Monographie  der  Sciarinen.     Wien,  1867,  pp. 

187. 

iixicm.K. 

CoQUiLLETT,  I).  W. — Syuoptic  tables  of  the  North  America  mosqui- 
toes. <Cir.  40,  2d  ser.,  Div.  Ent.,  V.  S.  Dept.  Agr.,  1900, 
pp.  4-7. 

A  classification  of  the  mos<iuitoes  of  North  and  Middle  Amer- 
ica.    <Tech.  Ser.  11,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  pp.  31,  1906. 

Dyar.  H.  (i.,  and  Kxab,  F. — The  species  of  mos<juitoes  in  the  genus 
Megarhinus.  <Smiths.  Misc.  Coll.,  Quart,  issue,  xlviii,  pp.  241- 
:>:>8,  1906. 

The  larva?  of  C'ulicidie  classified  as  inde])endent   organisms. 

<Journ.  N.  Y.  Ent.  Soc,  1906,  p]).  l(>9-!>30,  i)ls.  13. 

-On  the  classification  of  the  mosquitoes.     <Can.  Ent.,  1907, 


pp.  47-50. 

Dyar,  H.  G. — Illustrations  of  the  abdominal  aj^pendagcs  of  certain 
mosquitoes.     <Journ.  N.  Y.  Ent.  Soc,  1905.  pp.  18r)-lss. 
Table  of  si)eeies  of  Grabliamia. 
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Dyar,  H.  (t. — A  synoptic  table  of  North  American  mosquito  larva*. 

<  Journ.  X.  Y.  Ent.  Soc,  1005,  pp.  22-2G. 

Key  to  the  known  larva3  of  the  mosquitoes  of  the  United 

States.     <Cir.  72,  Bur.  Ent.,  IL  wS.  Dept.  Agr.,  pp.  (>,  lOOG. 

Howard,  L.  O. — Mosquitoes:  How  they  live;  how  the;v^  carry  disease; 
how  they  are  classified :  how  they  may  be  destroyed.  New  York, 
pp.  241,  figs.  50,  1901. 

Notes  on   the   mosquitoes   of  the   United   States.     <Bul.  25 

(n.  s.),  Div.  Ent.,  U.  S.  Dept.  Agr..  pp.  70,  figs.  22,  1000. 

Mitchell,  E.  G.— Mosquito  life.  New  York,  1007,  pp.  281,  pis.  8, 
figs.  54. 

S'MiTii,  J.  B. — Report  of  the  New  Jersey  State  Agricultural  Experi- 
ment Station  upon  the  mosquitoes  occurring  within  the  State, 
their  habits,  life-history,  etc.     Trenton,  1004,  pp.  482,  figs.  133. 

Theobald,   F.    V. — A    monograph   of   the   Culicida?   or   mosquitoes. 

<  British  Museum,  4  vols,  and  plates.     T,  1001;  II,  1001;  III, 
1003:  IV,  1007. 

Fam.  Culicida\     <(;en.  Ins.,  Fasc.  20,  pp.  50,  pis.  2,  1005. 

(lIIRONOMlD.i:. 

KiEPFER,  J.  J. — Fam.  Chironomidic.  <Gen.  Ins.,  Fasc.  42,  pp.  78, 
pis.  4,  1000. 

JoHANNSEN,  O.  A. — Aquatic  Nematocerous  Diptera.  II,  Chironom- 
ida*.     <Bul.  80,  N.  Y.  State  Mus.,  pp.  70-331,  pis.  22,  1905. 

BLEPIIAROCERID.i:. 

Kellogg,  V.  L. — The  net-winged  midges  ( Blepharocerida^)  of  North 
America.  <rroc  Cal.  Acad.  Sci.,  Zool.  (3),  in,  pp.  187-224,  pis. 
5,  1003. 

Fam.  Blepharocerida*.     <(jeiL  Ins.,  Fasc.  50,  pp.  15,  pis.  2, 

1007. 

SIMULUD.l-:. 

CoQUiLLETT.  D.  W. — Tlie  bulfalo  gnats  or  bhick  flies  of  the  United 
States.  A  synopsis  of  the  Dipterous  family  Simuliida\  <Bul. 
10,  n.  s.,  Div.  Ent.,  I^.  S.  Dept.  Agr.,  pp.  00-00,  1808. 

JoiiANXSEN,    O.    A. — Aquatic    Nematocerous    Diptera.     <Bul.    68, 
N.  Y.  State  Mus.,  pp.  328-448,  pis.  10,  1003. 
Kevision  of  SimuHida*. 
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^  PSYCnODID^. 

Ba^'ks,  N. — Some  Psychodidae  from  Long  Island,  X.  Y.  <Can. 
Ent.,  1804,  pp.  329-333. 

KiNCAm,  T. — The  Psychodida^  of  the  Pacific  coast.  <Ent.  News, 
1801),  pp.  30-37. 

Banks,  N. — The  eastern  species  of  Psychodida\  <Can.  Ent.,  1001, 
pp.  273-275. 

Haseman,  L. — A  monograph  of  tlie  North  American  Psychodida?. 
<Trans.  Amer.  Ent.  Soc,  xxxiii,  pp.  200-333,  pis.  4,  1007. 

TIPl  LID.K. 

OsTEX  Sackex,  C.  R. — New  genera  and  species  of  North  American 
Tipulidie  with  short  palpi,  with  an  attempt  at  a  new  classifica- 
tion of  the  tribe..  2  pis.  <Proc.  Acad.  Nat.  Sci.  Phila.,  18r)0, 
pp.  197-256. 

On    the    North    American   Tipidida^    (part   first).     <Mono- 

graphs  of  the  Diptera  of  North  America.  Part  IV,  18()0. 

a  niono.i:rraph  of  the  North  American  Tipnliiho  hrcvipalpi  and  the  siv- 
tions  Cylindrotoniina  and  Ptychoptorina. 

Studies  on  Tipulidav     Part  T,  Tii)iilida^  longipalpi.     <Berl. 


Ent.  Zeitschr.,  188G,  pp.  153-188.    Part  II,  Tipulida*  brevipalpi. 
<Ibid,  1887,  pp.  183-242. 

Loew,  H. — Table  for  determining  the  North  American  species  of  the 
genus  Pachyrrhina.  <Verh.  k.  k.  zool.-bot.  Ges.  AVien,  1870,  pp. 
513-516. 

Neediiam',  J.  G.— Crane  flies.  <Bul.  124,  N.  Y.  State  Mus.,  pp.  100- 
248,  pis.  21,  1008. 

Johnson,  C.  W. — Synopsis  of  the  Tipulid  genus  Bittacomorpha. 
<  Psyche,  1005,  pp.  75-70. 

New   and   little-loiowm   Tipulida\     <Proc.    Bost.   Soc.   Nat. 

Hist.,  XXXIV,  pp.  115-133,  1008. 
Table  of  Oropeza. 

DoANE,  R.  AV. — Notes  on  the  Tipulid  genus  Dicranomyia.  <Ent. 
News,  1008,  pp.  5-0. 

New  species  of  the  Tipulid  genus  Khyj)holophus,  with  a  table 

for   determining   the    North    American    species.     <Ent.    News, 
1008,  pp.  200-202. 

New  North  American  Pachyrhif>n.  with  a  table  for  determin- 


ing the  species.     <Ent.  News,  1008.  pp.  173-170. 
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STRATIOMYHD.K.  ^ 

WiLLisTON,  S.  W. — On  the  classification  of  North  American  Dipteiti. 
(Third  paper.)     <Ent.  Amer.,  i,  pp.  114-116,  152-155,  1885. 
Tables  of  the  subfamilies  and  genera  of  the  family. 

Day,  L.  T. — The  species  of  Odontoniyia  found  in  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  1882,  pp.  74-88. 

Johnson,  C  AA\ — A  review  of  the  Stratiomyia  and  Odontoniyia  of 
North  America.  < Trans.  Amer.  Ent.  Soc,  xxn,  pp.  227-278, 
1805. 

Melander,  a.  L. — Notes  on  North  American  Stratiomyida3.  <Can, 
Ent.,  11)04,  pp.  14-24,  58-54. 

.  Tables  to  species  of  nearly  ail  the  geneni. 

A    review    of    the    North    American    species    of    Nemotelus. 

<  Psyche,  1903,  pp.  171-183,  pi.  1. 

S<'ENOPINID.K. 

Cresson,  E.  T.,  Jr. — The  North  American  species  of  the  Dipterous 
family  Scenopinida*.  <Trans.  Amer.  Ent.  Soc.,  x;cxin,  pp.  109- 
115,  pi.  1,  1907. 

tabanid.e. 

KERTE8Z,  K. — Catalogus  Tabanidarum  orbis  terrarum  universi. 
< Budapest,  1900,  pp.  79. 

OsTEN  Sacken,  C.  R. — Prodrome  of  a  monograph  of  the  Tabanidae 
of  the  United  States.     <Mem.  I^st.  Soc.  Nat.  Hist,  n,  1875- 

1878. 

Part  I.  The  jjeuera  Pangouia,  Chryst)i>8,  Silvius.  Hiematopota,  Diabasls 
(pp.  3^5-397).  Part  II.  The  ^enus  Tabanns,  with  an  appendix  and 
index  (pp.  421-47}M.     Supplejnent  (pp.  r>.^»rv-r)60 > . 

WiLLisTON,  S.  AV. — Notes  and  descri])tions  of  North  American  Taba- 
nida*.    <Trans.  Kans.  Acad.  Sci.,  x.  pp.  129-142,  1888. 

Daecke,  E. — Annotated  list  of  the  species  of  Chrysops  occurring  in 
New  Jersey,  and  descriptions  of  two  new  species.  <Ent.  News, 
1907.  pp.  139-14(),  pi.  1. 

IIiNE,  J.  S. — Tabanida^  of  Ohio.  <Ohio  Acad.  Sci.,  Special  Papers, 
No.  5,  pp.  03,  pis.  2,  1903. 

The  North  American  species  of  Tabanus  with  a  uniform  mid- 

dorsjil  stripe.     <Ohio  Nat.,  vii,  pp.  19-28,  1900. 

The  Tabanida*  of  tlie  Western  ITnited  States    and    Canada 


<Ohio  Nat.,  v,  pp.  217-248,  1904. 
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LEPTIDiE. 

WiLUSTON,  S.  W. — On  the  classification  of  North  American  Diptera. 
(Second  paper.)     <Ent.  Amer.,  i,  pp.  10-13,  1885. 
Table  of  the  genera  of  North  American  Leptidse. 

CoQUiLLETT,  D.  W. — Sjnopsis  of  the  Dipterous  genus  Symphoromyia. 
<  Joum.  N.  Y.  Ent.  Soc.,  1894,  pp.  53-56. 

Adams,  C.  F. — Notes  and  descriptions  of  North  American  Diptera. 
<Kans.  Univ.  Quart.  (Bui.  Univ.  Kans.),  iv,  pp.  433-455,  1904. 

Tables   of   Leptis,    Chrysopila,    Llmosina,   Xylophagus,    Icterlca,    an<l 
rrellia. 

ASILID£. 

OsTEN  Sacken,  C.  R. — Western  Diptera,  etc.  <Bul.  U.  S.  Geol. 
and  Geog.  Surv.,  iii.  No.  2,  1877. 

Synoptical  and  analytical  table  of  the  Western  species  of  Cyrtopogon, 
pp.  294-309. 

WiLLiSTON,  S.  W. — On  the  North  ^Vmerican  Asilidee  (Dasypogoninee, 
Laphrinse),  with  a  new  genus  of  Syrphida?.  <  Trans.  Amer. 
Ent.  Soc.,  XI,  pp.  1-35,  pis.  2,  1883. 

Tabulates  the  genera  of  the  subfamilies  Dasypogonin»  and  Laphrinse, 
with  enumeration  of  the  8i)ecie8. 

On  the  North  American  Asilidse  (Part  II).     <Trans.  Amer. 

Ent.  Soc.,  XII,  pp.  53-76,  1885. 

Tabulates  the  8i)ecie8  of  Laphria  and  revises  the  genera  and  species  of 
the  subfamily  Asilinie,  excepting  the  genus  Asilus. 

Snow,  W.  A. — List  of  Asilidee  supplementary  to  Osten  Sacken's  cata- 
logue of  North  American  Diptera.     <Kans.  Univ.  Quart.,  iv,  pp. 
173-190,  1896. 

CoQUiixETT,  D.  W. — Synopsis  of  the  Asilid  genus  Blacodes.     <Can. 

Ent.,  1893,  pp.  33-^4. 
Synopsis  of  the  Asilid  genus  Anisopogon.     <Can.  Ent.,  1893, 

pp.  20-22. 
Synopsis  of  the  Asilid  genus  Dioctria.     <Can.  Ent.,  1893,  p. 

80. 

A  new  Asilid  genus  related  to  Erax.     <Can.  Ent.,   1893, 

pp.  175-176. 

Table  to  Efferia. 

Synopsis   of   the    Asilid    genera   Mallophora    and    Nicocles. 

<Can.  Ent.,  1893,  pp.  118-120. 
Synopsis   of  the   Asilid   genus   Ospriocerus.     <Ent.    News, 


1898,  p.  37. 
13567— Bull.  81—10 3 
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IIiNE,  J.  S.— Robberflies  of  the   genus  Asilus.     <Ann.   Ent.   Soc. 

Amer.,  ii,  pp.  13G-172,  1909. 
Robber  flies  of  the  genus  Philonicus.     <Ohio  Nat.,  vii,  pp. 

115-118,  1907. 

Back,  E.  A.— The  robber-flies  of  America  north  of  Mexico,  belonging 
to  the  subfamilies  Leptogastriila^  and  Dasypogonina?.  <.Trans. 
Amer.  Ent.  Soc,  xxxv,  pp.  137-400,  pis.  11,  1909. 

MIDAID-E. 

WiLLTSTON,  S.  W.— Notes  and  descriptions  of  Mydaidse.  <Trans. 
Kans.  Acad.  Sci.,  xv,  pp.  53-58,  1898. 

TIIEREVID.i:. 

C(XiUiLLETT,  D.  W. — Synopsis  of  the  Dipterous  genus  Thereva. 
<Can.  Ent.,  1893,  pp.  197-201. 

Synopsis  of  the  Dipterous  genus  Psilocephala.     <Can.  Ent., 

1893,  pp.  222-229. 

Revision  of  the  Dipterous  family  Therevidae.     <  Journ.  N.  Y. 


Ent.  Soc.,  1894,  pp.  97-101. 

NEMESTRINID-K. 

WiLLTSTON,  S.  W. — The  North  American  species  of  Nemestrinidse. 
<Can.  Ent,  xv,  pp.  09-72,  1883. 

CocKERELL,  T.  D.  A. — The  Dipterous  family  Nemestrinidse.     <Trans. 
Amer.  Ent.  Soc.,  xxxiv,  pp.  247-253,  pi.  1,  1908. 

BOMBYLim.K. 

OsTEN  Sacken,  C.  R. — Western  Diptera,  etc.     <Bul.  U.  S.  Geol.  and 
(leog.  Surv.,  iii.  No.  2,  1877. 

Analytical  table  of  the  North  American  genera  of  Bombyliidee  (p.  228)  ; 
Tables  of  the  species  of  Exoprosopa  (p.  230)  ;  Anthrax  (p.  238)  ; 
Argj'ramoeba  (p.  241);  Bombylius  (si)ecies  from  the  Atlantic 
States)  (p.  247);  Ploas  (California  si)ec'ies)  (p.  260);  Toxophora 
(p.  265)  ;  Epibates  (p.  268). 

CoQUiLLETT,  D.  W. — Monograph  of  the  Lomatina  of  North  America. 
<Can.  Ent.,  xviii,  pp.  81-87,  188G. 

The  Tx>matina  comprise  the  genera  Eucessia,  I^ptochllus,  Apboebantus, 
and  Oncodocera. 

The   North   American  genera  of  Anthracina.     <Can.   Ent, 

xviii,  pp.  157-159,  1886. 

A  tabular  arrangement  of  the  genera  comix)8ing  the  subfamily  An- 
thracina, 


Digitized  by  VjOOQ IC 


DIPTERA.  35 

CoQUiLLETT,  D.  W. — MoDOgraph  of  the  species  belonging  to  the 
genus  Anthrax  from  America,  north  of  Mexico.  < Trans.  Amer. 
Ent.  Soc,  XIV,  pp.  159-182,  1887. 

Revision  of  the  species  of  Anthrax  from  America,  north  of 

Mexico.     <Trans.  Amer.  Ent.  Soc.,  xix,  pp.  1G8-187,  1892. 

Notes    and    descriptions    of    North    American    Bombyliidse. 

<Trans.  Amer.  Ent.  Soc,  xxi,  pp.  89-112,  1894. 

Revision    of   the   Bombylid   genus   Epacmus.     <Can.    Ent, 

pp.  9-11,  1892. 

Revision  of  the  Bombylid  genus  Aphcpbantus.     <  West  Amer. 

Scientist,  1891,  pp.  254-264. 

Synopsis  of  the  North  American  species  of  Lordotus.     <Ent. 


Amer.,  in,  pp.  115-116, 1887. 

Johnson,  C.  W. — A  review  of  the  species  of  the  genus  Bombylius  of 
the  Eastern  United  States.     <  Psyche,  1907,  pp.  95-100. 

TowxsEND,  C.  H.  T. — New  and  little  known  Diptera  from  the  Organ 
Mountains  and  Vicinity  in  New  Mexico.     < Trans.  Amer.  Ent. 
Soc.,  xxvii,  pp.  159-164, 1901. 
Table  of  Systropus. 

ACROCERID^:. 

Melander,  a.  L. — Notes  on  the  Acrocerida*.  <Ent.  News,  1902,  p. 
178. 

DOLICHOl'ODlD.l':. 

LoETV,  H. — On  the  North  American  Dolichopodidae.  <  Monographs 
of  the  Diptera  of  North  ^Vmerica.     Part  II,  1864. 

Aldhich,  J.  M. — A  revision  of  the  genera  Dolichopus  and  Hygroce-. 

leuthus.     <Kans.  Univ.  Quart.,  ii,  pp.  1-26,  1893. 
Wheeler,  W.  M. — New  species  of  Dolichopodida?  from  the  United 

States.     <Proc.  Cal.  Acad.  Sci.,  3  ser.,  ii,  Zool.  No.  1,  pp.  1-77, 

1899. 

Tables  for  the  si)ecie8  of  fifteen  genera. 

Aldrich,  J.  M. — A  contribution  to  the  study  of  North  American 
DolichopodidsB.  < Trans.  Amer.  Ent.  Soc,  xxx,  pp.  269-286, 
1904. 

Tables  of  Plastoneurus,  Paraclius,  Sarcionus,  Psilopodiniis,  AKonosoma. 

The  Dipterous  genus  Scellus.  with  one  new  species.     <Ent. 

News,  1907,  pp.  133-136. 

EMPIDID.K. 

CoQuiLLETT,  D.  W. — Rcvisiou  of  the  North  American  Empidop, 
<Proc.  U.  S.  Nat.  Mus.,  xvii,  pp.  387-440,  1896. 
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CoQuiLLETT,  I).  W. — The  genera  of  the  Dipterous  family  Empididae, 
with  notes  and  new  species.  <Proc.  Ent.  Soc.  Wash.,  v,  pp. 
245-272,  1903. 

Melander,  a.  L. — Monograph  of  the  North  American  Empidida?,  I. 
<Trans.  Amer.  Ent.  Soc,  xxviii,  pp.  187-367,  pis.  5,  1902. 

PHORm.!;:. 

Aldrich,  J.  M. — New  species  of  Phora.  <Can.  Ent.,  1892,  pp. 
142-146. 

Contains  a  table  of  8i>ecies. 

CoQUiLLETT,  D.  W. — Synopsis  of  the  Dipterous  genus  Phora.     <Can. 

Ent.,  1805,  pp.  103-110. 
Brues,   C.    T. — A    monograph    of   the    North    American    Phorida;. 

<Trans.  ^Vmer.  Ent.  Soc,  xxix,  pp.  331-404,  pis.  5,  1903. 
Fam.  Phoridse.     <Gen.  Ins.,  Fasc.  44,  pp.  21,  pis.  2, 1906. 

SYRPHWJE. 

WiLLisTON,  S.  \V. — Synopsis  of  the  North  American  Syrphidee. 
<Bul.  31,  U.  S.  Nat.  Mus.,  1886. 

Snow,  W.  A. — Supplementary  list  of  North  American  Syrphidae. 
<Kans.  Univ.  Quart,  in,  pp.  249-262,  1895. 

Hunter,  AV.  D. — A  summary  of  the  members  of  the  genus  Chilosia 
Meig.  in  North  America,  with  descriptions  of  new  species. 
<Can.  Ent.,  1896,  pp.  227-233. 

A  new  species  of  Tropidia  (Syrphidte)  and  note  on  the  generic 

position  of  Melanostoma  rufipes  Will.     <Ent.  News,  1896,  pp. 
215-216. 

Table  of  Tropidia. 

PLATYPEZm.K. 

Snow,  W.  A. — American  Platypezida?.  <Kans.  Univ.  Quart.,  iii, 
pai-t  I,  pp.  143-152,  1894;  part  II,  pp.  205-207,  1895. 

PIPUNCULIDiE. 

ITouGH,  (}.  DE  N. — The  Pipunculida?  of  the  United  States.  <Proc. 
Bost.  Soc  Nat.  Hist.,  xxix,  pp.  77-86,  1899. 

Kertesz,  K. — Catalogus  Pipunculidarum  us(|ue  ad  finem  anni  1900 
descriptorum.     <Termes.  Fiizetek,  xxv,  pp.  157-168,  1901. 

CONOPm-E. 

A\'iLLi8TON,  S.  W. — The  North  American  species  of  Conops.  <Trans. 
Conn.  Acad.,  iv,  pp.  325-342,  1882. 
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WiLLiSTON,  S.  W. — North  American  Conopidse:  Stylogaster,  Dal- 
mannia,  Oncomyia.     < Trans.  Conn.  Acad.,  vi,  pp.  5-12,  1883. 
A  revision  of  the  three  genera  mentioned. 

Adams,  C.  F. — Dipterological  contributions.  <Kans.  Univ.  Quart., 
rv ,  pp.  19-47,  1903. 

Tables  of  Zodion,  Mjopa,  Chlorops. 

CoQUiuLJETT,  p.  W. — ^A  new  Dalmannia  from  California.  <Ent. 
News,  1892,  pp.  150-151. 

CESTRIDiE. 

Brauer,  Fr. — Monographie  der  CEstriden.    Wien,  1863. 

Four  supplements,  by  the  same  author,  are  published  in  Wiener  Ent 
Zeit,  V,  p.  289,  pi.  iv,  1886;  vi,  pp.  4,  71,  217,  1887. 

Bau,  a. — Subfam.  CEstrinse.  <Gen.  Ins.,  Fasc.  43,  pp.  31,  pis.  2, 
1906. 

SwENK,  M.  H. — ^The  North  American  species  of  Cuterebra.  <  Journ. 
N.  Y.  Ent.  Soc.,  1905,  pp.  181-185. 

TACHINroiE. 

WnLLiSTON,  S.  W. — North  American  Tachinidse.  Gonia.  <Can. 
Ent.,  XIX,  pp.  6-12,  1887. 

Brauer,  Fr.,  and  Bergenstamm,  J.  E. — Die  Zweifliigler  des  Kaiser- 
lichen  Museums  zu  Wien.     Parts  IV-VII,  1889-1894. 

Thes6  parts  contain  a  prodrome  to  a  monograph  of  the  Muscaria  Schizo- 
metopa  (excl.  Anthomyiidse). 

TowNSEND,  C.  H.  T. — ^The  North  American  genera  of  Calyptrate 
Muscidae.  Paper  II.  <Trans.  Amer.  Ent.  Soc,  xix,  pp.  133-144, 
1892. 

Table  of  the  genera  of  TachlnidsB. 

CoQUiLXiETT,  D.  W. — Revision  of  the  Tachinidse  of  America,  north 
of  Mexico.     <Tech.  ser.  7,  Div.  Ent.,  U.  S.  Dept.  Agr.,  1897. 

TowNSEND,  C.  H.  T. — Notes  on  the  species  of  Exorista  of  temperate 
North  America.    <Psyche,  vii,  pp.  329-331,  1896. 

SARCOPHAGID^. 

Hagen,  H.  a. — ^List  of  North  American  Sarcophagidae,  examined  by 
R.  H.  Meade,  esq.,  Bradford,  England.  <Can.  Ent.,  xiii,  pp. 
146-150,  1881. 

TowNSEND,  C.  H.  T. — The  North  American  genera  of  Calyptrate 
Muscidae.  Paper  IV.  <Trans.  Amer.  Ent.  Soc.,  xix,  pp.  279- 
284,  1892. 

Tables  of  the  genera  of  Sarcophagldee  and  Muscidae,  s.  str. 
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MUSCID.*:. 

TowNSEND,  C.  H.  T, — I  See  previous  paper.] 

Hough,  G.  de  X. — Synopsis  of  the  Calliphorinae  of  the  United  States. 
<ZooL  Bui.,  II,  pp.  283-290,  1899. 

Some  Muscina*  of  North  America.     <Biol.  Bui.,  i,  pp.  19-33, 

1899. 

DEXIID^. 

TowNSEND,  C.  H.  T. — The  North  American  genera  of  Calyptrate 
Museida\     Paper  III.     < Trans.  Amer.  Ent.  Soc,  xix,  pp.  273- 

278,  1892. 

Table  of  the  genera  of  Dexlida*. 

ANTHOMYIID.1=:. 

Hagen,  H.  a. — List  of  North  American  Anthomyida*,  examined  by 
R.  H.  Meade,  esq.,  Bradford,  England.  <Can.  Ent.,  xiii,  pp. 
43-51,  1881. 

Stein,  P. — Nordamerikanische  Anthomyiden.     <Berl.  Ent.  Zeitschr., 

1897,  pp.  lGl-288. 

Die  amerikanischen  Anthomyiden  des  Museums  fiir  Natur- 

kunde  zu  Berlin  und  des  ungarischen    National    Museums    zu 
Budapest.     <Ann.  Mus.  Hungar.,  ii,  pp.  414-495,  1904. 

MICROPEZID.T-:. 

Cresson,  E.  T. — Dipterological  notes,  I.  Micropezidse.  <Trans. 
Amer.  Ent.  Soc,  xxxiv,  pp.  1-12,  pis.  2,  1908. 

ORTALID.K. 

LoEW,  IT. — The  family  Ortalidie.  < Monographs  of  the  Diptera  of 
North  America,  part  III,  1873,  pp.  1-209. 

ITendel,  F. — Subfam.  Pyrgotina^  <(jen.  Ins.,  Fasc.  79,  pp.  33,  pi. 
1,  1909. 

TRYPETID^:. 

LoEW,  ir. — On  the  North  American  Trypetida\  <  Monographs  of 
the  Diptera  of  North  America,  part  I,  1802,  pp.  49-102. 

Review  of  the  North  American  Trypetina.     <Monographs  of 

the  Diptera  of  North  America,  part  III,  1873,  pp.  211-347. 

CoQUiLLETT,  D.  W. — Notos  and  descriptions  of  Trypetida;.     <Joum. 
N.  Y.  Ent.  Soc,  1899,  pp.  259-2()8. 
Contains  a  synopsis  of  the  genera. 
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Aldrich,  J.  M. — The  fruit-infesting  forms  of  the  Dipterous  genus 
Rhagoletis,  with  one  new  species.     <Can.  Ent.,  1909,  pp.  69-73, 

pi.  1. 

DoANE,  R.  W. — ^A  new  Trypetid  of  economic  importance.  <Ent. 
News,  1898,  pp.  69-72. 

Table  of  Rhagoletis. 
Adams,  C.  F. — [See  paper  under  Leptidse.] 

Table  of  UrelHa  and  Icterica. 

SCIOMYZIDJE. 

LoEW,  H. — On  the  North  American  Sciomyzidse.  < Monographs  of 
the  Diptera  of  North  America,  part  I,  1862,  pp.  103-128. 

SAPROMYZID.ii:. 

WiLLiSTON,  S.  W. — ^The  American  genera  of  Sapromyzidse.  <Ent. 
News,  1894,  pp.  196-197. 

Hendel,  F. — Subfam.  Lauxaniinse.  <Gen.  Ins.,  Fasc.  68,  pp.  66, 
pis.  3,  1908. 

HELOMYZID^. 

Aldrich,  J.  M.,  and  Darlington,  P.  S. — The  Dipterous  family  Helo- 
myzidae.  <Trans.  Amer.  Ent.  Soc,  xxxiv,  pp.  67-100,  pis.  2, 
1908. 

osciNro.f?:. 

CoQUiLLETT,  D.  W. — Notes  and  descriptions  of  Oscinidse.     <Journ. 

N.  Y.  Ent.  Soc,  1898,  pp.  44-49. 
Adams,  C.  F. — On  the  North  American  species  of  Oscinis.     <Ent. 

News,  1905,  pp.  108-111. 
Notes    on    North    American    species    of    Crassiseta    V.    Ros. 

<  Joum.  N.  Y.  Ent.  Soc..  1908,  pp.  151-152. 

North  American  species  of  Siphonella.     <Psyche,  1904,  p.  10:^. 

scatophagid.k. 

CoQUiLLETT,    D.    W. — On     the     Dipterous    family    Seatophagida^. 

<  Joum.  N.  Y.  Ent.  Soc,  1898,  pp.  160-165. 

ephydrid.t:. 

LoEW,  H. — On  the  North  American  Ephydrinidfe.  Monographs  of 
the  Diptera  of  North  America,  Pt.  I,  i862,  pp.  129-172.  Smiths. 
Misc.  Coll. 

Wheeler,  W.  M. — The  genus  Ochthera.  <Ent.  News,  1896,  pp. 
121-123. 
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HiNE,  J.  S. — On  Diptera  of  the  family  Ephydrida;.  <Ohio  Nat., 
IV,  pp.  63-65,  19(M. 

Tables  of  Dichaeta  and  Csenla. 

Jones,  B.  J. — Catalogue  of  the  Ephydrida?  with  bibliography  and 
descriptions  of  new  species.  <Univ.  of  Cal.  Pub.,  i,  pp.  153-198, 
pi.  1,  1906. 

IIIPPOBOSCID.E    AND    NYCTERIBIID.E. 

CoQUiLLETT,  D.  W. — Xew  genera  and  species  of  Xycteribidae  and 

Hippoboscidap.     <Can.  Ent.,  1899,  pp.  333-336. 
Speiser,   p. — Ueber  die   Strebliden,   Fledermaus-Parasiten   aus  der 

Gruppe  der  Pupiparen  Dipteren.     <Arch.  f.  Naturg.,  lxvi,  Bd. 

I,  pp.  31-70,  pis.  2,  1900. 

Ueber  die  Xycteribiiden,  Fledermaus-Parasiten  aus  der  Gruppe 

der  Pupiparen  Dipteren.     <Arch.  f.  Xaturg.,  lxvii,  Bd.  i,  pp. 
11-78,  pi.  1,  1901. 

SIPHONAFTEKA. 
PULICID^. 

Taschenberg,  O. — Die  Flohe.    Die  Arten  der  Insektenordnung  Suc- 

toria  uach  ihrem  Chitinskelet  monographisch  dargestellt.    Halle, 

1880. 
Baker,  C.  F. — Preliminary  studies  in  Siphonaptera.     <Can.  Ent., 

1895,  pp.  19-22,  63-66^  108-111,  130-132,  162-165,  186-191,  221- 

222. 
A  Revision  of  American  Siphonaptera  or  fleas,  together  witli 

a  complete  list  and  bibliography  of  the  group.     <Proc.  U.  S. 

Xat.  Mus.,  XXVII,  pp.  365-469,  1904. 

The  classification  of  the   American   Siphonaptera.     <Proc. 


U.  S.  Xat.  Mus.,  XXIX,  pp.  121-170,  1905. 

LEPIDOPTEBA. 

I.— CATALOGUES  AXD   LISTS. 

Dtar,  H.  G. — A  list  of  Xorth  American  Lepidoptera.     <Bul.  52, 
U.  S.  Xat.  Mus.,  pp.  723,  1902. 

Assisted  by  Messrs.  Fernald,  Ilulst,  and  Busck. 
Smith,  J.  B. — Check  list  of  the  Lepidoptera  of  Boreal  America. 
Amer.  Ent.  Soc,  1903,  pp.  136. 

Assisted  by  Messrs.  Sliinner  and  Kearfott. 

Brooklyn  Entomological  Society. — Check  list  of  the  Macrolepi- 
doptera  of  America,  north  of  Mexico.    Brooklyn,  X.  Y.,  1882. 
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Grote,  a.  R. — New  check  list  of  North  American  moths.    New  York, 

1882. 

Smith,  J.  B. — ^List  of  the  Lepidoptera  of  Boreal  America.  Amer. 
Ent.  Soc,  Phila.,  1891,  pp.  124. 

KiRBY,  W.  F. — ^A  synonymic  catalogue  of  the  Lepidoptera  Hetero- 
cera.     I,  Sphinges  and  Bombyces.     London,  1892. 

IL— GENERAL  WORKS  ON  CLASSIFICATION, 

Morris,  J.  G. — Synopsis  of  the  described  Lepidoptera  of  North 
America.  Pt.  I.  Diurnal  and  Crepuscular  lepidoptera. 
<  Smithsonian  Institution,  Washington,  1862. 

Compiled  descriptions  of  tlie  Xortli  American  Tjepldoptera,  from  the 
Rhopaloeera  to  the  Bombycidfe. 

Strecker,  H. — Lepidoptera,  Rhopaloceres  and  Ileteroceres,  indige- 
nous and  exotic;  with  descriptions  and  colored  illustrations. 
Reading,  Pa.,  1872-1877. 

Fifteen  parts  of  this  worl£  have  been  published  containing  figures  and 
descriptions  of  many  North  American  species. 

Smith,  J.  B. — An  introduction  to  a  classification  of  the  North 
American  Lepidoptera.  <Bul.  Brooklyn  Ent.  Soc,  viii,  pp.  70- 
74,  81-83,  1884. 

Dyar,  H.  G. — A  classification  of  Lepidopterous  larvae.  <  Ann.  N.  Y. 
Acad.  Sci.,  viii,  pp.  194-232,  1895. 

On  the  larvae  of  the  higher  Bombyces.     <Proc.  Bost.  Soc. 

Nat.  Hist.,  xxvii,  pp.  127-147,  1896. 

Forbes,  Wm.  T.  M. — Field  tables  of  Lepidoptera.  Worcester,  Mass., 
1906,  pp.  141. 

Table  to  butterflies,  Sphinges,  and  Satumians,  and  to  their  caterpillars. 

III.— LOCAL   LISTS, 

Fernau),  C.  H. — The  butterflies  of  Maine.  Designed  for  the  use  of 
the  students  in  the  Maine  State  College  and  the  farmers  of  the 
State.     Orono,  Me.,  1884. 

Beutexmuller,  W. — Descriptive  catalogue  of  the  butterflies  found 
within  fifty  miles  of  New  York  City.  <Bul.  Amer.  Mus.  Nat. 
Hist.,  v,  pp.  241-310,  1893. 

Bi^vTCiTLEY,  W.  S. — A  catalogue  of  the  butterflies  known  to  occur  in 
Indiana.  <l7th  Rep.  Geol.  and  Nat.  Hist.  Surv.  Ind.,  pp.  3()5- 
408,1892. 

Lugger,  O. — Butterflies  and  moths.  <Bul.  61,  Minn.  Agi\  Exp. 
Sta.,  pp.  279,  1898;  also  4th  Ann.  Rep.  State  Ent.  Minn. 
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P^LROD,  M.  J. — The  Butterflies  of  Montana.  <Univ.  Mont.,  190G, 
pp.  174. 

Hart,  C.  A. — Synopsis  of  insect  collections.  Lepidoptera.  <  Illi- 
nois State  Lab.  Nat.  Hist.,  1908,  pp.  1-64. 

Anderson,  E.  M. — Catalogue  of  British  Columbia  Lepidoptera. 
Victoria,  1904,  pp.  56. 

Woolly  Dod,  F.  H. — Preliminary  list  of  the  Macrolepidoptera  of 
Alberta,  N.  W.  Terr.  <Can.  Ent.,  1901,  pp.  156-172;  1904,  pp. 
345-355 ;  1905,  pp.  17-28,  49-60,  145-156,  173-184,  221-230,  241- 
252;  1906,  pp.  45-54,  89-94,  253-267. 

IV.— MONOGRAPHS  AXD  SYXOPSES. 
Bhopalocera. 

KiRBY,  W.  F. — A  synotiymic  catalogue  of  Diurnal  Lepidoptera. 
London,  1871;  supplement,  London,  1877. 

A  synonym ical  list  of  the  butterflies  of  the  world. 

Skinner,  H. — Synonymical  catalogue  of  North  American  Rhopa- 
locera.     Amer.  Ent.  Soc,  Phila.,  1898. 

A  synonymic  catalogue  of  the  North  American  Rhopalocera. 

Supp.  1.     Philadelphia,  1905. 

Edwards,  W.  H. — Revised  catalogue  of  the  Diurnal  Lepidoptera  of 
America,  north  of  Mexico.  < Trans.  Amer.  Ent.  Soc,  xi,  pp. 
245-338,  1884. 

This  supersedes  a  similar  catalogue  by  the  same  author,  published  In 

1877. 

Holland,  W.  J.— The  butterfly  book.  New  York,  1898,  pp.  382,  pis. 
48  (colored).  Carnegie  Museum,  Pittsburg,  Pa.  Second  edit., 
1902. 

Edwards,  W.  H. — Butterflies  of  North  America.  3  vols.  Boston; 
I,  1879;  II,  1884;  IIL  1897.     Many  plates. 

ScuDDER,  S.  H. — Butterflies  of  the  Eastern  United  States  and  Can- 
ada.    3  vols.     Boston,  1889,  pp.  1958,  pis.  89. 

French,  G.  H.— The  Butterflies  of  the  Eastern  United  States.  For 
the  use  of  classes  in  zoology  and  private  students.  Philadelphia, 
1886. 

Gives  synopses  of  the  genera  and  species,  and  descriptions  of  the  species. 

Wright,  W.  G.— The  Butterflies  of  the  West  Coast  of  the  United 
States.     San  Francisco,  Cal.,  1905,  pp.  257,  pis.  32. 
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ScuDDER,  S.  H. — Butterflies:  Their  structures,  changes,  and  life-his- 
tories, with  special  reference  to  American  forms.  Being  an  appli- 
cation of  the  "doctrine  of  descent"  to  tlie  study  of  butterflies, 
with  an  appendix  of  practical  instructions.     New  York,  1881. 

Brief  guide  to  the  common  butterflies  of  the  Northern  United 

States  and  Canada.     New  York,  1893,  pp.  206. 

CoMSTOCK,  J.  H.  and  A.  B. — IIow  to  know  the  butterflies.  New 
York,  1904,  pp.  311,  pis.  45. 

Smith,  J.  B. — Synopsis  of  the  genera  of  the  North  American  Rhop- 
alocera.     <Bul.  Brooklyn  P^nt.  Soc.,  vi,  ^p.  37-4r),  1S83. 
A  tabular  synopsis  embracing  all  North  American  genera. 

Aakon,  E.  M. — Notes  on  North  ^Vmerican  Ilesperida?.  <Can.  Ent., 
1892,  pp.  119-120. 

A  table  of  the  genera. 

Snyder,  A.  J. — The  Argynnids  of  North  America.  <Occ.  Mem. 
Chicago  Ent.  Soc,  i.  No.  1,  1900. 

A  grouping  of  the  species,  with  notes  on  many  of  them. 

Rothschild,  W.,  and  Jordan,  K. — A  revision  of  the  American 
Papilios.     <Novitates  Zool.,  xiii,  pp.  411-752,  pis.  5,  190(). 

Sttchel,  II. — Subfamily  Parnasiina^.  <Gen.  Ins.,  Fasc.  58,  pp.  00, 
pis.  3,  1907. 

Mengel,  L.  W. — A  catalogue  of  the  Erycinida^     Reading,  Pa.,  1905, 

pp.  161. 
Mabille,  p. — Fam.  Hesperidse.     <Gen.  Ins.,  Fasc.  17,  pp.  210,  pis. 

4,  1903. 
Dyar,   H.  G. — A  review  of  the  Hesperida*  of  the  United   States. 

<Joum.  N.  Y.  Ent.  Soc,  1905,  pp.  111-141. 
Synoptic  table  of  the  North  American  species  of  Chionobas. 

<Proc.  Ent.  Soc.  Wash.,  v,  p.  42,  1902. 
' Synopsis  of  the  North  American  species  of  Brenthis.     <Proc. 

Ent.  Soc.  Wash.,  v,  pp.  180-131,  1903. 

Synopsis  of  the  North  American  species  of  Erebia.     <Proc. 


Ent.  Soc.  Wash.,  v,  pp.  129-130,  1903. 
Watson,  E.  Y. — A  proposed  classification  of  the  Ilesporida*,  with  a 
revision  of  the  genei'a.     <Proc.  Zool.  Soc.  London,  1893,  pp. 
3-132,  pis.  3. 

Heterocera. 

Hampson,  G.  F. — Catalogue  of  the  Lepidoptera  Phala^na^  in  the 
BritLsh  Museum.  I,  Syntomida^,  1898;  II,  Arctiidas  1900;  III, 
Arctiidse  and  Agaristida?,  1901;  IV,  Noctuida?,  1903;  V,  Noc- 
tuid»,  1905;  VI,  Noctuida^,  190r>;  VII,  Acronyctimr,  1908. 

Holland,  J.  G.— The  moth  book.     Ncnv  York,  1903,  pp.  479,  pis.  48, 
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SPHINOID^. 

Fernau),  C.  H. — The   Sphingidee  of  New  England.     Orono,  Me., 

1886. 

Gives  the  life  history,  so  far  as  known,  of  all  species  recorded  from  New 
England. 

Smith,  J.  B. — A  monograph  of  the  SphingidaB  of  North  America 
north  of  Mexico.  <Trans.  Amer.  Ent.  Soc,  xv,  pp.  49-242,  pis. 
12,  1888. 

List  of  the  Sphingidee  of  temperate  North  America.     <Ent. 

Amer.,  1888,  pp.  89-94. 

Beutenmuller,  W. — Descriptive  catalogue  of  the  Sphingidee  found 
within  fifty  miles  of  New  York  City.  <Bul.  iVmer.  Mus.  Nat. 
Hist,  vn,  pp.  275-320,  1895. 

Rothschild,  W.,  and  Jordan,  K. — A  revision  of  the  Lepidopterous 
family  Sphingidae.     <Novitates  Zool.,  ix,  pp.  1107,  pis.  67,  1903. 

Fam.  Sphingidee.     <Gen.  Ins.,  Fasc.  57,  pp.  57,  pis.  8, 1907. 

SESIID^., 

Beutenmuller,  W. — Critical  review  of  the  Sesiidse  found  in  America 
north  of  Mexico.  <Bul.  Amer.  Mus.  Nat.  Hist.,  viii,  pp.  111- 
148,  1896. 

Monograph   of   the   Sesiidse   of   America   north   of  Mexico. 

<Mem.  Amer.  Mus.  Nat.  Hist.,  i,  pp.  217-352,  pis.  8, 1901. 

BuscK,  A. — Notes  on  the  family  ^geriida?  (Sesiidse),  with  a  synoptic 
table  of  the  North  American  genera.  <Proc.  Ent.  Soc.  Wash., 
XI,  pp.  115-118,  1909. 

ZYGiENIDiE. 

Packard,  A.  S. — Notes  on  the  family  Zygsenidae.  <Proc.  Essex  In- 
stitute, IV,  pp.  7^7,  Pis.  1, 11,  1864. 

Grote,  a.  R. — Catalogue  of  the  Zygsenida?  of  North  America.  <Bul. 
Buffalo  Soc.  Nat.  Sci.,  i,  pp.  29-36,  1873. 

Stretch,  R.  H. — Illustrations  of  the  Zygsenidae  and  Bombycidse  of 
North  America.     San  Francisco,  Cal.,  1874,  pp.  242,  pis.  10. 

ARCTIID-^. 

Smith,  J.  B. — Preliminary  catalogue  of  the  Arctiidse  of  temperate 
North  America.     <Can.  Ent,  1889,  pp.  169-175,  193-200,  213- 
219 ;  1890,  pp.  9-14,  31-36,  52-55,  73-75,  100-104,  110-120,  141- 
144,  161-168,  175-180,  204-208,  230-236. 
Includes  table  to  the  genera. 
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Stretch,  R.  H. — Heterocera  Americana.     <  Journ.  N.  Y.  Ent.  8oc., 
1906,  pp.  117-125,  pis  11. 
Mostly  Arctildse. 

Dyar,  H.  G. — Preliminary  notes  on  the  larvae  of  the  genus  Arctia. 
<  Journ.  N.  Y.  Ent.  Soc,  1900,  pp.  34-47. 

New    American    moths    and    synonymical    notes.     < Journ. 

N.  Y.  Ent.  Soc.,  1898,  pp.  33-44. 

Tables  of  Nola,  Roesella,  Cydosia,  Pygarctia,  and  Lycomorpha. 

Lyman,  H.  H. — The  North  American  Callimorphas.  <Can.  Ent., 
XIX,  pp.  181-191,  pi.  1,  1887. 

Smith,  J.  B. — The  North  American  species  of  Callimorpha,  Latr. 
<Proc.  U.  S.  Nat.  Mus.,  1887,  pp.  342-353,  Pis.  xiii,  xiv. 

Beutenmuller,  W. — [See  article  imder  Bombycidse.] 

Foster,  F.  H. — Some  results  of  breeding  moths  of  the  genus  Haploa. 
<Ent.  News,  1901,  pp.  79-83,  97-106,  pi.  1. 

Dyar,  H.  G. — A  review  of  the  species  of  Haploa.  <Proc.  Ent.  Soc. 
Wash.,  V,  pp.  6-9,  1902. 

B03IBYCID^. 

Neumoegen,  B.,  and  Dyar,  II.  G. — A  preliminary  revision  of  the 
Bombyces  of  America  north  of  Mexico.  <  Journ.  N.  Y.  Ent. 
Soc.,  1893  and  1894.     Issued  as  a  separate. 

Packard,  A.  g. — Synopsis  of  the  Bombycidse  of  the  United  States. 
<Proc.  Ent.  Soc.  Phila.,  in,  pp.  97-130,  331-396,  1864. 

Stretch,  R.  H. — Illustrations  of  the  Zygaenidse  and  Bombycida?  of 
North  America.     San  Francisco,  Cal.,  1874,  pp.  242,  pis.  10. 
The  Llthoslid®  and  Arctiidse  are  treated. 

Smith,  J.  B. — A  revision  of  the  Lepidopterous  family  Saturnidse. 
<Proc.  U.  S.  Nat.  Mus.,  ix,  pp.  414-437,  pis.  3,  1886. 

Packard,  A.  S. — ^Monograph  of  the  Bombycine  moths  of  America, 
north  of  Mexico.  Pt.  I,  P^'amily  Notodontida\  <Mem.  Nat. 
Acad.  Sci.,  vii,  pp.  390,  pis.  49,  1896.  Part  II,  Family  Cerato- 
campidse.     <Mem.  Nat  Acad.  Sci.,  ix,  pp.  150,  pis.  61,  1905. 

Neumoegen,  B.,  and  Dyar,  H.  G. — A  preliminary  revision  of  the 
Lepidopterous  family  Notodontidse.  <Trans.  Amer.  Ent.  Soc, 
XXI,  pp.  179-208,  1894. 

Beutenmuller,  W. — Descriptive  catalogue  of  the  Bombycine  moths 
found  within  fifty  miles  of  New  York  City.  <Bul.  Amer.  Mus. 
Nat.  Hist,  X,  pp.  353-448,  1898. 
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Dyar,  H.  G.,  and  Morton,  E. — Life-histories  of  the  New  York  slug- 
caterpillars.  <Journ.  N.  Y.  Ent.  Soc,  1895,  pp.  145-157;  1896, 
pp.  1-9;  1897,  pp.  1-14,  57-60,  107-170;  1898,  pp.  1-9,  94^98, 
151-158,  241-246;  1899,  pp.  61-67,  234-253. 

Dyar,  H.  G. — On  the  larval  cases  of  North  American  Psychidse. 
<Ent.  News,  1893,  pp.  320-321. 
A  synoptic  table  to  the  cases. 

Notes  on  Cerura,  with  descriptions  of  new  species.    < Psyche, 

VI,  pp.  290-292,  1892. 

Orgyia  badia  Ily.  Edw.  and  other  notes,  with  a  table  to  sepa- 
rate the  larva?  of  Orgyia.     <Psyche,  vi,  pp.  419-421,  1893. 

Final  notes  on  Orgyia.     <  Psyche,  vii,  pp.  340-342,  1896. 

Table  to  ferva?. 

Notes  on  Gluphisia.     <Psyche,  vi,  pp.  529-530,  1893. 

A  note  on  the  larva  of  Datana  floridana  Gra?f.    < Psyche,  vi, 

p.  573,  1893. 

Table  of  mature  larvae. 

A  review  of  the  North  American  species  of  the  Lepidopterous 

family  Anthrocerida?.    <Proc.  Ent.  Soc.  Wash.,  v,  pp.  322-329, 
1903. 

The  larvae  of  the  Clisiocamp«.    <Can.  Ent,  1893,  pp.  37-44. 

The  genus  Datana.    <Ent.  Amer.,  vi,  pp.  127-132,  1890. 


NOCTUID.1i:. 

Grote,  a.  R. — List  of  the  Noctuida*  of  North  America.  <Bul.  Buf- 
falo Soc.  Nat.  Hist.,  ii,  pp.  1-77,  1874. 

Smith,  J.  B. — A  catalogue,  bibliographical  and  synonymical,  of  the 
species  of  moths  of  the  Lepidopterous  superfamily  Noctuidse 
found  in  Boreal  America,  with  critical  notes.  <Bul.  44,  U.  S. 
Nat.  Mus.,  pp.  424,  1893. 

Grote,  A.  R. — Introduction  to  a  study  of  the  North  ^Vmerican  Noc- 
tuida?.    <Proc.  Amer.  Phil.  Soc,  xxi,  pp.  134-176,  1883. 
Gives  a  brief  review  of  structural  characters  of  the  family. 

Smith,  J.  B. — A  synopsis  of  the  North  American  genera  of  the  Noc- 
tiiida\  <Bul.  Brooklyn  Ent.  Soc,  iv,  1882,  pp.  48-52,  and  v, 
from  May  till  November,  1882. 

Contains  i\  tabular  synopsis  of  the  genera,  with  critical  notes  on  many 
of  them. 

Contributions  toward  a  monograph  of  the  Noctuida;  of  tem- 
perate North  America.  The  genus  Oligia.  <Ent.  Amer.,  1889, 
pp.  145-152;  Revision  of  the  species  of  Pseudanarta.     <Ent. 
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Smith,  J.  B. — Continued. 

Amer.,  1889,  pp.  175-179;  Revision  of  some  TaMiiocampid  genera. 
<Proc.  U.  S.  Nat.  Mus.,  xii,  pp.  455-49(5,  1889;  Revision  of  the 
species  of  Oncocnemis.  <Trans.  Amer.  Ent.  Soe.,  xvi,  pp.  321- 
349,  1889;  Revision  of  Scopelosoma.  <Ent.  Amer.,  1890,  pp. 
14G-153;  Revision  of  the  species  of  the  genus  Agrotis.  <Bul. 
38,  U.  S.  Nat.  Mus.,  1890,  pp.  231,  pis.  C;  Revision  of  Ilonioha- 
dena.  <Proc.  U.  S.  Nat.  Mus.,  xiii,  pp.  397-405;  Revision  of 
the  species  of  Mamestra.  <Proc.  U.  S.  Nat.  Mus.,  xiv,  pp.  197- 
276,  1891 ;  Revision  of  the  species  of  Hadena  referable  to  Xylo- 
phasia  and  Luperina.  <Proc.  U.  S.  Nat.  Mus.,  xiii,  pp.  407—147, 
1891 ;  Revision  of  the  genus  Cucullia;  Revision  of  the  Dicopinje; 
Revision  of  Xylomiges  and  Morrisonia.  <  Proc.  U.  S.  Nat.  Mus., 
XV,  pp.  33-86,  1892;  A  revision  of  the  Deltoid  moths.  <Bul.  48, 
U.  S.  Nat.  Mus.,  1895,  pp.  120,  pis.  14;  Revision  of  the  genus 
Hydroecia.    < Trans.  Amer.  Ent.  Soc,  xxvi,  pp.  1-48,  1899. 

Contributions  toward  a  monograph  of  the  North  American 

Noctuidae.  Revision  of  the  species  of  Xylina  Ochs.  <  Trans. 
Amer.  Ent.  Soc,  xxvii,  pp.  1-47,  pis.  5,  1900. 

Contributions  toward  a  monograph  of  the  North  American 

Noctuidae.  Revision  of  the  species  of  Acontia  Ochs.  <Trans. 
Amer.  P]nt.  Soc.,  xxvii,  pp.  47-84,  1900. 

Contributions  toward  a  monograph  of  the  Lepidopterous  fam- 
ily Noctuidae  of  Boreal  North  America.  A  revision  of  the  moths 
referred  to  the  genus  Leucania,  with  descriptions  of  new  species. 
<Proc.  U.  S.  Nat.  Mus.,  xxv,  pp.  159-209,  pis.  2,  1902. 

—  A  revision  of  the  Boreal  American  species  of  Nonagria  Ochs. 

<Proc.  Ent.  Soc.  Wash.,  v,  pp.  311-319,  1903. 

Notes  on  the  species  of  Amathes  Hbn.     Revision  of  the  species 

of  Pleonectyptera.  < Trans.  Amer.  Ent.  Soc,  xxxiii,  pp.  367- 
379,  pi.  1,  1907. 

A  revision  of  some  species  of  Noctuida^  heretofore  referred  to 

the  genus  Homohadena.  <Proc.  U.  S.  Nat.  Mus.,  xxxv,  pp. 
209-275,  pis.  6,  1908. 

New  species  of  Noctuida?  for  1908,  I,  with  notes  on  Charadra, 

Raphia,  and  Pseudanarta.  <Journ.  N.  Y.  Ent.  Soc,  1908,  pp. 
79-98. 

Tables  of  Charadra  and  Raphia. 

and  Dyar,  H.  G. — A  revision  of  the  species  of  Acronvcta  and 


of  certain  allied  genera.     <Proc.  U.  S.  Nat.  Mus.,  xxi,  pp.  1-194. 
1898. 
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Bbutenmuller,  W. — Descriptive  catalogue  of  the  Noctuidee  wiUiin 
50  miles  of  New  York  City.  <Bul.  Amer.  Mus.  Nat.  Hist.,  xiv, 
pp.  229-312,  1901 ;  ibid.,  xvi,  pp.  413-458,  pis.  4,  1902. 

French,  G.  H. — Synopsis  of  the  Noctuidse  of  Illinois.  Greenville, 
111.,  1882.  < Curator's  Report  in  the  Eighth  Ann.  Rep.  of  the 
Principal  to  the  Board  of  Trustees  of  the  South  Illinois  Normal 
University. 

Smith,  J.  B. — Synopsis  of  the  North  American  Heliothinse. 
< Trans.  Amer.  Ent.  Soc,  x,  pp.  205-256,  Pis.  vii,  viii,  1883. 

Grote,  a.  R. — Remarks  upon  the  North  American  Heliothinse  and 
their  recent  literature.  <Trans.  Amer.  Ent.  Soc,  x,  pp.  257-268, 
1883. 

Hulst,  G.  D. — The  genus  Catocala.  <Bul.  Brooklyn  Ent.  Soc, 
vii,  pp.  13-56,  PL  I,  1884. 

GEOMElRIDiE. 

Packard,  A.  S. — A  monograph  of  the  Geometrid  moths  or  Phalse- 
nidae  of  the  United  States.  <Rep.  U.  S.  Geol.  and  Geog.  Surv., 
X,  pp.  607,  pis.  13,  1876. 

This  supersedes  all  prior  works  and  gives  a  complete  index  to  the  prior 
literature,  as  well  as  a  description  of  every  species. 

HuLST,  G.  D. — A  classification  of  the  Geometrina  of  North  America, 
with  descriptions  of  new  genera  and  species.  <  Trans.  Amer. 
Ent.  Soc.,  xxm,  pp.  245-386,  1896. 

V.  GuMPPENBERG,  C.  Freih. — Systema  Geometrarum  zonae  tempera- 
tioris  septentrionalis.  8  parts.  <Nova  Acta  der  k.  Leop.-Carol. 
Deutschen  Akad.der  Naturforscher,  1887-1897. 

Dyar,  H.  G.— a  new  Plagodis.     <Can.  Ent.,  1899,  pp.  266. 

PYRALmJE. 

Ragonot,  E.  L. — Monographic  des  Phycitinae  et  des  Galleriinse. 
Romanoff's  "  Memoires  sur  les  L^pidopteres,"  vii,  pp.  658,  pis.  23, 
1893. 

Hulst,  G.  D. — The  Phycitidae  of  North  America.  <  Trans.  Amer. 
Ent.  Soc,  XVII,  pp.  93-228,  1890. 

The  Epipaschiinae  of  North  America.     <Ent.  Amer.,  1889, 

pp.  41-52,  61-76. 

Fernald,  C.  H. — The  Crambidae  of  North  America.  <Ann.  Rep. 
Mass.  Agr.  Coll.,  pp.  96,  pis.  9,  1896. 
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Fblt,  E.  p. — On  certain  grass-eating  insects.     <Bull.  64,  Cornell 
Univ.  Agr.  Exp.  Sta.,  pp.  47-102,  pis.  14,  1894. 
Synopsis  and  catalogue  of  Crambus. 

Dyar,  H.  G. — The  North  American  Nymphalinae  and  Scopariinae. 
<  Joum.  N.  Y.  Ent.  Soc.,  1906,  pp.  77-107. 

Kearfott,  W.  D. — Descriptions  of  new  species  of  North  American 
Crambid  moths.  <Proc.  U.  S.  Nat.  Mus.,  xxxv,  pp.  367-393, 
1908. 

Tables  of  MesOlia,  Prlonapteryx,  Thaumntopsis,  Diatrsea,  and  Chllo. 

Fernald,  C.  H. — On  the  genus  Schoenobius.  <Ent.  Amer.,  r\', 
pp.  135-139,  1888. 

On  the  genus  Diatrsea.     <Ent.  Amer.,  iv,  pp.  119-120,.  1888. 

Dyar,  H.  G. — Notes  on  the  species  of  Acrobasis,  with  descriptions 
of  new  species.     <Proc.  Ent.  Soc.  Wash.,  x,  pp.  41^8, 1908. 

A  review  of  the  North  American  Pyralinae.     <Proc.  Ent. 

Soc.  Wash.,  X,  pp.  96-102,  1908. 

A  review  of -the  North  American  Chrysauginw.    <Proc.  Ent. 


Soc.  Wash.,  X,  pp.  92-96,  1908. 

PTEROPHORIDiE. 

Fernald,  C.  H. — The  Pterophoridse  of  North  America.  <Spec. 
Bui.  Mass.  Agr.  Coll.,  1898,  pp.  64,  pis.  9. 

TORTRICID.E. 

Fernald,  C.  H. — ^A  synonymical  catalogue  of  the  described  Tortri- 
cidae  of  North  America,  north  of  Mexico.  <  Trans.  Amer.  Ent. 
Soc.,  X,  pp.  1-64, 1882 ;  also  separate. 

Robinson,  C.  T. — Notes  on  American  Tortricidee.  <  Trans.  Amer. 
Ent.  Soc.,  II,  pp.  261-288,  Pis.  i  and  iv-viii,  1869. 

Lord  Walsingham. — North  American  Tortricidse.  British  Museum. 
Illustrations  of  typical  specimens  of  Lepidoptera  Heterocera  in 
the  collection  of  the  British  Museum.  1  vol.,  folio,  pp.  12+84, 
Pis.  i-xvii,  1879. 

Zeller,  p.  C. — Beitrage  zur  Kentniss  der  nordamerikanischen  Nacht- 
f alter,  besonders  der  Microlepidopteren.     <Verh.  k.  k.  zool.-bot. 
Ges.  Wien,  1872,  pp.  447-556;  1873,  pp.  130;  1875,  pp.  207-360. 
Treats  chiefly  of  Tortrlcldee  and  Tlneldre. 

Fernald,  C.  H. — On  the  North  American  species  of  Choreutis  and 

its  allies.     <Can.  Ent,  1900,  pp.  23()-245. 
The   genera  of  the  Tortricidee   and  their  types.     Amherst, 

Mass.,  1908. 
13567— Bull.  81—10 4 
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Kearfott,  W.  D. — North  American  Tortricidae,  genus  Polychrosis 
Rag.     <  Trans.  Amer.  Ent.  See.,  xxx,  pp.  287-299,  pis.  2,  1904. 

BuscK,  A. — A  review  of  the  Tortricid  subfamily  Phaloniinae,  with 
descriptions  of  new  American  species.  <  Joum.  N.  Y.  Ent  Soc., 
1907,  pp.  19-36. 

-= Notes  on  some  Tortricid  genera  with  descriptions  of  new 

American  species.  <Proc.  Biol.  Soc.  Wash.,  xix,  pp.  173-182, 
1906. 

Tables  of  Hemimene  and  LIpoptycha. 

tineid^. 

Clemens,  B. — The  Tineina  of  North  America,  by  the  late  Dr.  Brack- 
enridge  Clemens.  Being  a  collected  edition  of  his  writings  on 
that  group  of  insects.  With  notes  by  the  editor,  H.  T.  Stainton. 
London,  1872,  pp.  15+282. 

Chambers,  V.  T. — Index  to  the  described  Tineina  of  the  United 
States  and  Canada.  <Bul.  U.  S.  Geol.  and  Geog.  Surv.,  iv,  pp. 
125-167,  1878. 

Lord  Walsingham. — North  American  Coleophorse.     <  Trans.  Ent. 

Soc.  London,  1882,  pp.  429-442,  PL  xvu. 
A  revision  of  the  genera  Acrolophus,  Poey  and  Anaphora, 

Clem.     <  Trans.  Ent.  Soc.  London,  1887,  pp.  137-173,  Pis.  vii, 

VIII. 

Steps  toward  a  revision  of  Chambers's  Index,  with  notes  and 

descriptions  of  new  species.  <  Insect  Life,  i,  pp.  81-84,  113-117, 
145-150,  254-258,  287-291;  ii,  pp.  23-26,  51-54,  77-81,  116-120, 
150-155,  284-286,  322-326;  iii,  pp.  325-329,  386-389;  iv,  pp. 
384-385. 

Dyar,  H.  G. — Notes  on  some  North  American  Yponomeutidae. 
<Can.  Ent,  1900,  pp.  37-41,  84-86. 

Zeller,  p.  C. — (See  work  cited  under  TortricidoB.) 

Braun,  a.  F. — Revision  of  the  North'  American  species  of  the  genus 
LithocoUetis.  < Trans.  Amer.  Ent.  Soc,  xxxiv,  pp.  269-357,  pis. 
5,  1908. 

BuscK,  A. — Description  of  American  moths  of  the  genus  Cerostoma. 
<Ent.  News,  1906,  pp.  96-99. 
Table  of  species. 

A  generic  revision   of  the  American   moths  of  the  family 

CEcophoridep,  with  descriptions  of  new  species.  <Proc.  U.  S. 
Nat.  Mus.,  XXXV,  pp.  187-207,  1908. 
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BuscK,  A. — Revision  of  the  American  moths  of  the  genus  Argyres- 
thia.    <Proc.  U.  S.  Nat.  Mus.,  xxxii,  pp.  5-24,  pis.  2,  1907. 

Notes  on  the  Cerostoma  group  of  Yponomeutida*,  with  des<Tip- 

tions  of  new  North  American  species.     <  Journ.  N.  Y.  Ent.  Soc., 
1903,  pp.  45-^8. 

A  revision  of  the  American  moths  of  the  family  Gelechiida.*, 

with  descriptions  of  new  species.     <Proc.  U.  S.  Nat.  Mus.,  xxv, 
pp.  767-938,  pis.  5,  1903. 

A  review  of  the  American  moths  of  the  genus  Depressaria 

Haworth,  with  descriptions  of  new  species.     <Proc.  U.  S.  Nat. 
Mus.,  xxn^,  pp.  731-749,  1902. 

-A  review  of  the  American  moths  of  the  genus  Cosmopteryx 


Hubner.    <Proc.  U.  S.  Nat.  Mus.,  xxx,  pp.  707-713,  1906. 

Dnrrz,  W.  G. — The  North  American  species  of  the  genus  Ornix  Tr. 
<Trans.  Amer.  Ent.  Soc,  xxxiii,  pp.  287-298,  pi.  1,  1907. 

Revision  of  the  genera  and  species  of  the  Tineid  subfamilies 

AmydriinsB  and  Tineinae  inhabiting  North  America.     <Trans. 
Amer.  Ent.  Soc,  xxxi,  pp.  1-96,  pis.  6,  1905. 

•On  Pigritia  Clem.    <Trans.  Amer.  Ent.  Soc,  xxvii,  pp.  100- 


120,  pis.  2,  1901. 

Dyar,  H.  G. — A  review  of  the  North  American  species  of  Pronuba 
and  Prodoxus.    <  Journ.  N.  Y.  Ent.  Soc,  1903,  pp.  102-104. 

A  review  of  the  genus  Ethmia,  wdth  descriptions  of  new  spe- 
cies.   <  Journ.  N.  Y.  Ent.  Soc,  1902,  pp.  202-208. 

New  species  of  Semioscopus.    <Can.  Ent.,  1902,  pp.  319-320. 


Kearfott,  W.  D. — Descriptions  of  new  Tineoidea.     <  Journ.  N.  Y. 
Ent.  Soc,  1903,  pp.  145-165. 
Synopsis  of  Recurvaria. 

A  revision  of  the  North  American  species  of  the  genus  Cho- 

reutis.     <  Journ.  N.  Y.  Ent.  Soc,  1902,  pj).  100-125. 

COLEOFTEBA. 

L—CATALOGUES  AND  CHECKLISTS. 

Melsheimer,  F.  E. — Catalogue  of  the  described  Coleoptera  of  the 
United  States.  Revised  by  S.  S.  Haldeman  and  J.  L.  Le  Conte. 
Washington,  Smithsonian  Institution,  1853. 

Now  antiquated,  but  stiH  the  only  reference  catalojrne  of  North  Ameri- 
can Coleoptera. 

Henshaw,  S. — List  of  the  Coleoptera  of  America,  north  of  Mexico. 
Amer.  Ent.  Soc  Phila.,  1885. 
This  supersedes  all  previous  lists. 
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Henshaw,  S. — First  supplement  to  the  List  of  Coleoptera  of  America, 
north  of  Mexico.     <Ent(Hiiologica  Americana,  ii,  pp.  213-220, 

1887. 

Also   issued   as   separate   pamphlet   by   the   Brooklyn   Entomological 
Society. 

Third  supplement  to  the  List  of  Coleoptera  of  America,  north 


of  Mexico. .  Amer.  Ent  Soc.  Phila.,  1895. 

Contains  also  a  list  of  synopses  of  genera  supplementary  to  that  In  the 
**  Classification.'* 

Gemminger,  M.,  and  von  Harold,  E. — Catalogus  Coleopterorum 
hucusque  descriptorum  synonymicus  et  systematicus.  12  vols. 
Munich,  1868-1876. 

A  synonymlcal   reference  catalogue  of  the  Coleoi)tera  of  the  whole 
world. 

APPENDICES  TO  GEMMINGER  AND  HAROLD's  CATALOGUE. 

Fleutiaux,  E. — Catalogue  systematique  des  Cicindelidse  d6crits 
depuis  Linne.    <Mem.  Soc.  Sci.  Lifege,  1892. 

Gehin,  J.  B. — Catalogue  synonymique  et  systematique  des  Col6op- 
teres  de  la  tribu  des  Carabides.     Remiremont,  1885. 

VAN  DEN  Branden,  C — Catalogue  des  Coleopteres  camassiers  aqua- 
tiquos  (Ilaliplidse,  Amphizoidae,  Pelobiidse,  et  Dytiscidee). 
<Ann.  Soc.  Ent.  Belg.,  1885,  pp.  5-115. 

Severin,  (1. — Catalogue  des  Coleopteres  de  la  famille  des  Gyrinides. 
<Ann.  Soc.  Ent.  Belg.,  1889,  pp.  149-179. 

DuviviER,  A. — Enumeration  des  Staphylinides  decrits  depuis  la  pub- 
lication du  Catalogue  de  MM.  Gemminger  et  de  Harold.  <A|m. 
Soc.  Ent.  Belg.,  1888,  pp.  91-220. 

Berge,  a. — Enumeration  des  Cetonides  decrits  depuis  la  publication 
du  Catalogue  de  MM.  Gemminger  et  de  Harold.  <Ann.  Soa 
Ent.  Belg.,  1884,  pp.  113-1G3. 

NoNFRiED,  A.  F. — Verzeichniss  der  seit  1871  neu  beschriebenen  Gla- 
phyriden,  Melolonthiden,  und  Euchiriden.  <Berl.  Ent.  Zeitschr., 
1892,  pp.  249-290. 

— ^ Verzeichniss  der  Rutelidai  beschrieben  nach  der  Herausgabe 

des  Miinchener  Kataloges.     <Berl.  Ent.  Zeitschr.,  1891,  pp.  347- 
358,  449-454. 

I*REi  DHOMME  DE  BoRRE,  A. — Catalogue  des  Trogides  decrits  jusqu'Si 
CO  jour.     <Ann.  Soc.  P]nt.  Belg.,  1880,  pp.  54-82. 

Fi^rTTArx,  E. — Supplement  au  Catalogue  des  Coleopteres  de  MM. 
(iemminger  et  de  Harold;  Languriides  et  Erotylides.  <Ann, 
Soc.  Ent.  Belg.,  1886,  pp.  210-224. 
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Champion,  G.  C. — ^A  list  of  the  Lagriidse,  Othniidee,  Nilionidse,  Pet- 
riidae,  Pythidae,  Melandryida?, Pedilida?  (part), Pyrochroidoe, and 
Mordellidse,  supplementary  to  the  '"  Munich  ''  Catalogue.  <  Ann. 
Soc.  Ent.  Belg.,  1898,  pp.'^46-104. 

A  list  of  the  Cantharida,  supplementary  to  the  "  Munich  " 

Catalogue.     <Ann.  Soc.  Ent.  Belg.,  1899,  pp.  153-208. 

A  list  of  the  Rhipidophoridw  and  CEdemerida*,  supplementary 

to  the  "  Munich  "  Catalogue.     <  Ann.  Soc.  Ent  Belg.,  1899,  pp. 
39-61. 

A   list   of  Tenebrionidee,   supplementary   to   the   "  Munich " 

Catalogue.     <Mem.  Soc.  Ent.  Belg.,  No.  3, 1895. 

A  list  of  the  ^gialitidse  and  Cistelidae,  supplementary  to  the 


"  Munich  "  Catalogue.     <Mem.  Soc.  Ent.  Belg.,  No.  6,  1897,  pp. 
147-177. 

Kerremans,  Ch. — Catalogue  synonymique  des  Buprestides  d^crits 
de  1758  a  1890.     <Mem.  Soc.  Ent.  Belg.  No.  1,  1892. 

Candeze,  E. — Catalogue  methodique  des  Elat^rides  connus  en  1890. 
Liege,  1891,  pp.  246. 

Lameere,  a. — Liste  des  Cerambycides  decrits  posterieurement  au 
Catalogue  de  Munich.  <Ann.  Soc.  Ent.  Belg.,  1882,  pp.  1-78; 
1883,  pp.  civ-cv. 

Fleutiaitx,  E. — Supplement  au  "  Catalogus  Coleopterorum "  de 
Gemminger  et  Harold,  V,  1869.  <Ann.  Soc.  Ent.  Belg.,  1894, 
pp.  687-691.     (Trixagidse  and  Monommidae.) 

DoNCKiER  de  Donceel,  H. — Listc  des  Bremthides  decrits  posterieure- 
ment au  Catalogue  de  MM.  Gemminger  et  von  Harold.  <C.  R. 
Soc.  Ent.  Belg.,  1884,  pp.  ccciii-cccx. 

Liste  des  Anthribides  decrits  posterieurement  au  Catalogue 

de  Gemminger  et  von  Harold.     <C.  R.  Soc.  Ent.  Belg.,  1884, 
pp.  cccxxiv-cccxxxiii. 

Pic,  M. — Liste  des  Anthicides  decrits  posterieurement  au  Catalogus 
de  MM.  Gemminger  et  Harold  (1870-1893).  <Ann.  Soc.  Ent. 
Belg.,  1894,  pp.  43-58,  137-138,  237-23^. 

Premier  supplement  a  ma  liste  des  Anthicides.     <Ann.  Soc 

Ent.  Belg.,  1897,  pp.  212-224,  343-344. 

van  den  Branden,  C. — Enumeration  des  Coleopteres  Phytophages 
decrits  posterieurement  au  Catalogue  de  MM.  (iemminger  et  von 
Harold.  Hispides  et  Cassides.  <Mem.  Soc.  Sci.  Liege,  xi, 
pp.  16,  1885. 
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DoNCKiER  DE  DoNCEEL,  H. — Liste  des  Sagrides,  Criocerides,  Clythri- 
des,  Megalopides,  Cryptocephalides,  et  Lamprosomides  decrits 
posterieurement  au  Catalo^ie  de  MM.  Gemminger  et  von  Harold. 
<Mem.  Soc.  Sci.  Lifege,  xi,  pp.  31,  1885. 

DuvrviER,  A. — Catalogue  das  Chrysomelides,  Halticides,  et  Gale- 
rucides  decrits  posterieurement  a  la  publication  du  Catalogue  de 
Munich.    <Mem.  Soc.  Sci.  Li^ge,  xi,  pp.  64,  1885. 

DoNCKiER  DE  DoNCEEL,  H. — Catalogue  systematique  des  Hispides. 
<Ann.  Soc.  Ent.  France,  1899  (1900),  pp.  540-615. 

IL— GENERAL  WORKS  ON  CLASSIFICATION. 

Le  Conte,  J.  L. — Classification  of  the  Coleoptera  of  North  America. 
Washington,  Smithsonian  Institution.     Pt.  I,  1861;  Pt.  II,  1873. 

Only  completed  as  far  as  the  Cerambycidse ;  the  rest  has  never  been 
published. 

Le  Baron,  W. — Outlines  of  Entomology,  published  in  connection 
with  the  author's  Annual  Reports  upon  injurious  insects.  Part 
first.  Including  the  Order  of  Coleoptera.  < Fourth  Annual 
Report  on  the  Noxious  and  Beneficial  Insects  of  the  State  of  Hli- 
nois.    Sep.  Edit.    Springfield,  1874. 

Lacordaire,  J.  T. — Ilistoire  naturelle  des  Insectes.  Genera  des 
Coleopteres,  ou  expose  methodique  et  critique  de  tous  les  genres 
proposes  jusqu'ici  dans  cet  ordre  d'insectes.  [Completed  by  J. 
Chapuis.]     Paris,  France,  1854-1876.     12  vols,  and  1  vol.  pis. 

Le  Conte,  J.  L.  and  Horn,  G.  H. — Classification  of  the  Coleoptera  of 
North  America.  Prepared  for  the  Smithsonian  Institution. 
Washington,  Smithsonian  Institution,  1888. 

Hayward,  R. — Classification  of  the  families  of  the  Coleoptera  of 
America,  north  of  Mexico.  <Amer.  Ent.  Soc,  Phila.,  1909, 
pp.  37. 

Imhoff,  L. — Versuch  einer  Einfiihrung  in  das  Studium  der  Koleop- 
teren.    Basel,  Switzerland,  1856. 
Although  old,  this  is  still  very  useful. 

Lameere,  a. — Notes  pour  la  classification  des  Coleopteres.  <Ann. 
Soc.  Ent.  Belg.,  1900,  pp.  855-377. 

KoLBE,  H.  J. — Vergleichendmorphologisclie  Untersuchungen  an  Col- 
eopteren  nebst  Grundlagen  zu  einen  System  und  zur  Sj^stematik 
derselben.     <Arch.  f.  Xaturg.,  lxvii.  Beiheft,  pp.  89-150,  1901. 

Ganglbauer,  L. — Die  Kiifer  von  Mitteleuropa.  Vienna,  1892-1908. 
Four  volumes  published,  containing  the  Caraboidea,  Staphyli- 
noidea,  and  Clavicornia. 

Extremely  valuable  for  classification. 
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III.—LOCAL  LI8T8, 

WiCKHAM,  H.  F. — The  Coleoptera  of  Canada.  <Can.  Ent.;  Cicin- 
delidse,  1894,  pp.  149-154;  Scarabseidae,  1894,  pp.  197-207,  229- 
234, 259-264;  Coccinellidse,  1894,  pp.  297-306;  Endomychidse  and 
Erotylidae,  1894,  pp.  337-342;  Cucujidae,  1895,  pp.  25-29;  Hali- 
plidse  and  Dytiscidse,  1895,  pp.  69-76,  117-122,  149-153;  Hydro- 
philidfie,  1895,  pp.  181-186,  213-216;  Cleridfle,  1895,  pp.  247-253; 
Meloidse,  1896,  pp.  31-35 ;  Chrysomelidae,  1896,  pp.  67-74,  151- 
157,  171-174,  199-203;  1897,  pp.  7-12,  29-37,  60-63;  Cerambyci- 
dffi,  1897,  pp.  81-88,  105-111,  148-153,  169-173,  187-193,  201-208; 
1898,  pp.  37-^4;  CEdemeridse  and  Cephaloidse,  1898,  pp.  149-152; 
Lucanidse,  1899,  pp.  21-25;  Pythidse,  1899,  pp.  57-61;  Supple- 
mentary, 1899,  pp.  81-86. 

Leng,  C.  W.,  and  Beutenmuller,  W. — Preliminary  handbook  of  the 
Coleoptera  of  northeastern  America.  <  Joum.  N.  Y.  Ent.  Soc., 
1894,  pp.  87-96,  133-141,  175-190;  1895,  pp.  73-76,  180-190; 
1896,  pp.  33-49;  1897,  pp.  36-40,  133-149. 

The  parts  published  deal  with  the  Ciclndelid®  and  Carabidae. 

Fall,  H.  C. — List  of  the  Coleoptera  of  Southern  California,  with 
notes  on  habits  and  distribution  and  descriptions  of  new  species. 
<Proc.  Cal.  Acad.  Sci.,  vm,  pp.  282,  1902. 

and  CocKERELL,  T.  D.  A.-^The  Coleoptera  of  New  Mexico. 

<  Trans.  Amer.  Ent.  Soc.,  xxxiii,  pp.  145-272, 1907. 

Horn,  G.  H. — ^The  Coleoptera  of  Baja  California.  <Proc.  Cal. 
Acad.  Sci.,  iv,  pp.  302-449, 1894;  ibid.,  v,  pp.  225-259, 1895;  ibid., 
VI,  pp.  367-381,  1896. 

Includes  tables  of  several  genera. 

Hamilton,  J. — Catalogue  of  the  Coleoptera  of  Alaska,  with  the 
sytaonymy  and  distribution.  <  Trans.  Amer.  Ent.  Soc.,  xxi, 
pp.  1-38,  1894. 

Catalogue  of  the  Coleoptera  of  southwestern  Pennsylvania, 

with  notes  and  descriptions.     <Trans.  Amer.  Ent.  Soc,  xxii, 
pp.  317^81,  1895. 

DuBY,  Ch. — A  revised  list  of  Coleoptera  observed  near  Cincinnati, 
Ohio,  with  notes.  <  Joum.  Cin.  Soc.  Nat.  Hist.,  xx,  pp.  107-189, 
1902. 

WiCKHAM,  H.  F. — A  catalogue  of  the  Coleoptera  of  Colorado. 
<Bid.  Lab.  Nat.  Hist.  State  Univ.  Iowa,  v  (3),  pp.  217-310, 
1902. 

Ulke,  H. — A  list  of  the  beetles  of  the  District  of  Columbia.  <Proc. 
U.  S.  Nat.  Mus.,  XXV,  pp.  1-57,  1902. 
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IV.—MONOORAPHS  AND  SYNOPSES. 

Henshaw,  S. — References  for  specific  identification.  < Appendix  II 
of  Le  Conte  and  Horn's  "  Classification,"  1883,  pp.  535-552. 

A  "  list  of  bibliographical  references  to  memoirs  In  which  more  or  less 
complete  ssmopses  of  the  families,  genera,  and  si>ecles  of  the  Cole- 
optera  of  the  United  States  have  been  published." 

Third  supplement  to  the  list  of  Coleoptera  of  America,  north 

of  Mexico.    Amer.  Ent.  Soc.  Phila.,  1895. 

Contains  a  supplementary  list  of  synopses  of  genera. 

CICINDELm^. 

Schaupp,  F.  G. — Synoptic  tables  of  Coleoptera,  Cicindelidse.  <Bul. 
Brooklyn  Ent.  Soc.,  vi,  November,  1883,  and  subsequent  numbers. 
Also  issued  as  separate  pamphlet  by  the  Brooklyn  Entomological 
Society. 

Leng,  C.  W. — Revision  of  the  Cicindelidse  of  Boreal  America. 
<Trans.  Amer.  Ent.  Soc,  xxviii,  pp.  93-186,  1902. 

Horn,  W. — Systematischen  Index  der  Cicindeliden.  < Deutsche  Ent. 
Zeitschr.  f.  1905,  App.,  pp.  56. 

Fam.  Cicindelidfie.     <Gen.  Ins.,  Fasc.  82a,  pp.  104,  pis.  4, 

CARABID^. 

Lb  Conte,  J.  L. — Notes  on  the  classification  of  the  Carabidse  of  the 
United  States.  <Trans.  Amer.  Phil.  Soc,  ser.  2,  x,  pp.  363-403, 
1853. 

Horn,  G.  H. — On  the  genera  of  Carabidae,  with  special  reference  to 
the  fauna  of  Boreal  America.  <Trans.  Amer.  Ent.  Soc,  ix, 
pp.  91-196,  Pis.  iii-x,  1882. 

Synopsis  of  the  species  of  the  tribe  Lebiini.     <Trans.  Amer. 

Ent.  Soc,  x,  pp.  126-163,  1883. 

Notes  on  Amara  s.  g.  Trisena.     <  Trans.  Amer.  Ent.  Soc,  xix, 

pp.  18-19,  1892. 

•  A  study  of  Amara  s.  g.  Celia.    <  Trans.  Amer.  Ent.  Soc,  xix, 


pp.  19^0,  1892. 

Hayward,  R. — On  the  species  of  Bembidium  of  America,  north  of 
Mexico.    <Trans.  Amer.  Ent.  Soc,  xxrv,  pp.  32-143,  1897. 

ScHWARz,  E.  A. — Notes  on  Nomaretus,  with  descriptions  of  two  new 
species.     <Proc  Ent.  Soc  Wash.,  in,  pp.  269-273,  1895. 

Hayward,  R. — A  study  of  the  species  of  Tachys  of  Boreal  America. 
<Trans.  Amer.  Ent.  Soc,  xxvi,  pp.  191-238,  1899  (1900). 
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Le  CJonte,  J.  L- — Synopsis  of  the  North  American  species  of  Platy- 
nus,  Bon.    <BuL  Brooklyn  Ent.  Soc.,  ii,  pp.  43-58, 18T9. 

Hayward,  R. — Studies  in  Amara.  < Trans.  Amer.  Ent.  Soc.,  xxxiv, 
pp.  13-65,  1908. 

RoESCHKE,  H. — Monographic  der  Carabiden  Tribus  Cychrini. 
<Ann.  Mus.  Nat.  Hung.,  v,  pp.  9-277,  1907. 

Rousseau,  E. — Fam.  Carabidse,  subfam.  Omophroninsp.  <Gen.  Ins., 
Fasc.  83,  pp.  5,  pi.  1, 1909. 

Fall,  H.  C. — On  the  affinities  of  the  genus  Tachycellus,  with  descrip- 
tions of  new  species  from  the  Western  United  States.     <  Journ. 
N.  Y.  Ent.  Soc,  1905,  pp.  169-178. 
Tables  of  Tachycellus  and  Glycerius. 

A  review  of  the  North  American    species    of    Notiophilus. 

<  Psyche,  1906,  pp.  79-92. 

Of  most  of  our  genera  of  this  extensive  family  we  have  monographs 
or  sj^nopses  by  Le  Conte,  Horn,  or  Crotch,  and  the  tables  for  the  de- 
termination of  the  specias  are  reproduced  and  augmented  by  some 
original  tables  in  the  Bulletin  of  the  Brooklyn  Entomological  Society, 
from  Volume  I  to  Volume  VI. 

HALIPLIDiE. 

Crotch,  G.  R. — Revision  of  the  Dytiscidse  of  the  United  States. 
<Haliplides,  Trans.  Amer.  Ent.  Soc,  iv,  pp.  383-385,  1872-1873. 

DYTiscro^. 

Crotch,  G.  R. — [See  work  just  cited ;  Dytiscidae,  pp.  385-424.] 

Sharp,    D. — On    aquatic    carnivorous    Coleoptera    or    Dytiscida?. 
<Trans.  Royal  Dublin  Soc,  ii,  pp.  179-1003,  plates,  1882. 
a  monograph  of  the  Dytiscidae  of  the  whole  world. 

Roberts,  C.  H. — The  distinctive  characters  of  the  eastern  species  of 
the  genera  Dytiscus  and  Cybister.  <  Journ.  N.  Y.  Ent.  Soc, 
1905,  pp.  103-107. 

ScHiEFTER,  Chas. — On  North  American  and  some  Cuban  Copelatus. 

<  Journ.  N.  Y.  Ent.  Soc,  1908,  pp.  16-18. 

OYRINro.li:. 

Le  Conte,  J.  L. — ^The  Gyrinida*  of  America,  north  of  Mexico. 
<Proc  Acad.  Nat.  Sci.  Phila.,  1808,  pp.  365-373. 

Reoimbart,  M. — ^Essai  monographique  de  la  famille  des  Gyrinides. 
<Ann.  Soc  Ent.  France,  1882-1883,  pis.  8. 
Treats  of  the  Gyrlnld«e  of  the  whole  globe. 
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BoBERTS,  C.   H. — ^The  species  of  Dineutes  of   America,  north   of 
Mexico.     <Tr"ans.  Amer.  Ent.  Soc,  xxii,  pp.  279-288,  1895. 

Begimbart,  M. — Fam.  Gyrinidse.    <Gen.  Ins.,  Fasc.  1,  pp.  12,  pi.  1, 
1902. 

HYDROPHILID^. 

Le  Conte,  J.  L. — Synopsis  of  the  Hydrophilidse  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vii,  pp.  356-375,  1855. 

Horn,  G.  H. — Revision  of  the  genera  and  species  of  the  tribe  Hydro- 
biini.    <Proc.  Amer.  Phil.  Soc.,  1873,  pp.  118-137. 

Notes   on    the   species   of   Ochthebius    of    Boreal    America. 

<Trans.  Amer.  Ent.  Soc,  xvii,  pp.  18-20, 1890. 

A  revision  of  the  Spha?ridiini   inhabiting  Boreal  America. 

<Trans.  Amer.  Ent.  Soc,  xvii,  pp.  279-314,  1890. 

[See  article  under  "  Local  Lists."] 

Table  of  Hydrocharis. 
-Notes   on   some   Hydrobiini    of   Boreal   America.     < Trans. 


Amer.  Ent.  Soc,  xvii,  pp.  237-278,  1890. 

Contains  ^nopses  of  Philhydrus  and  allied  genera  and  of  Hydrobius 
and  Creniphilus,  Pis.  in  and  iv. 

Casey,  T.  L. — [See  work  cited  under  Corylophidse.] 
Table  of  species  of  Llmnebius. 

Zattzev,  Ph. — Catalogue  des  Coleopt^res  aquatiques  des  families 
des  Dryopidse,  Georyssidse,  Cyathocerida?,  Heteroceridse,  et  Hy- 
drophilidse.     <Hor.  Soc.  Ent.  Ross.,  1908,  pp.  138. 

Begimbart,  M. — Revision  des  grands  Hydrophiles.  <Ann.  Soc. 
Ent.  France,  1902,  pp.  188-282. 

SILPIIIDiE. 

Le  Conte,  J.  L. — Synopsis  of  the  Silphales  of  America,  north  of 
Mexico.     <Proc  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  274-287,  1853. 

HoRi^,  G.  H. — Synopsis  of  the  Silphidsp  of  the  United  States,  with 
reference  to  the  genera  of  other  countries.  <  Trans.  Amer.  Ent. 
Soc,  VIII,  pp.  219-322,  Pis.  v-vii,  1880. 

SCYDM.TCNID.E. 

Le  Conte,  J.  L. — Synopsis  of  the  Scydmaenida*  of  the  United  States. 
<Proc  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  149-157,  1854. 

Casey,  T.  L. — Coleopterological  notices,  VII.     <Ann.  N.  Y.  Acad. 
Sci.,  IX,  pp.  285-684,  1897. 
Synopsis  of  the  Scydmeenidae. 


Digitized  by  VjOOQ IC 


COLEOPTERA.  59 

PSELAPHIDiE. 

Le  Conte,  J.  L. — On  the  Pselaphida?  of  the  United  States.  <Boston 
Joum.  Nat.  Hist.,  vi,  pp.  64-110,  1850. 

Brendel,  E. — Synopsis  of  the  genera  and  species  of  the  family 
Pselaphida*.     <Proc.  Ent.  Soc.  Phila.,  vi,  pp.  31-38,  1866-1867. 

Casey,  T.  L. — Euplectini.  <  Contributions  to  the  descriptive  and 
systematic  Coleopterology  of  North  America.    Pt.  II,  pp.  93-122, 

1884. 

Brendel,  E.,  and  Wickham,  H.  F. — The  Pselaphid©  of  North 
America.  <Bul.  Lab.  Nat.  Hist.  Univ.  Iowa,  i,  pp.  216-304;  ii, 
pp.  1-84,  pis.  7,  1890. 

Casey.  T.  L. — Pselaphidse.  Coleopterological  notices,  vii.  <Ann. 
N.  Y.  Acad.  Sci.,  iv,  pp.  550-630, 1897. 

Synoptic  tables  as  follows:  Genera  allied  to  Trimlum  (pp.  556-558)  ; 
Melba  (p.  566)  ;  Arlanops  (p.  582) ;  Reichenbachia  (pp.  586-610) ; 
Nysaxis  (pp.  610-611);  Bythlnns  (pp.  614-615);  Plloplus  (pp. 
617-625)  ;  Cedius  (pp.  6^5-626)  ;  Tyrus  (pp.  627-630). 

Remarks  on  some  new  Pselaphidse.     <Can.  Ent.,  1908,  pp. 


257-281. 

Table  of  Rhexius,  Oropus,  Leptoplectus,  and  Batrlsodes. 

Raffray,    a. — Essai    monographique    sur    la    tribu    des    Faronini. 

<Rev.  d'Ent.,  1893,  pp.  1-53,  157-196. 
Genera  et  catalogue  des  Pselaphides.    Ent.  Soc.  France,  pp. 

621,  pis.  3,  figs.  124. 

Fam.  Pselaphidae.     <Gen.  Ins.,  Fasc.  64,  pp.  488,  pis.  9,  1908. 


STAPHYLINID.'E. 

Horn,  G.  H. — Synopsis  of  the  genera  and  species  of  the  Staphylinid 
tribe  Tachyporini  of  the  United  States.  <  Trans.  Amer.  Ent. 
Soc,  VI,  pp.  81-128,  pi.  1,  1877. 

Le  Conte,  J.  L. — On  certain  genera  of  Staphylinidse,  Oxytelini, 
Piestidse,  and  Micropeplidae,  as  represented  in  the  fauna  of  the 
United  States.     <Trans.  Amer.  Ent.  Soc,  vi,  pp.  213-252,  1877. 

Fauvel,  a. — Staphylinides  de  TAmerique  du  Xord.  Partie  I. 
<  Notices  en tomologiques.  No.  7,  1878. 

Treats  the  Micropeplidse,  Piestini,  Phloeocharlni,  Protinlni,  Homalini, 
and  Oxytelini  (incomplete). 

C^svY^  T.  L. — [See  work  cited  under  Corylophidte.] 
Table  of  group  of  Homoeusa. 
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Horn,  G.  H. — Synopsis  of  the  Quediini  of  the  United  States. 
<Trans.  Amer.  Ent.  Soe.,  vii,  pp.  149-167,  1879. 

Synopsis  of  the  species  of  Staphylinus  and  the  more  closely 

allied   genera   inhabiting  the  United   States.     <Trans.   Amer. 
Ent.  Soc.,  VII,  pp.  185-200,  1879. 

Lb  Conte,  J.  L. — Short  studies  of  North  American  Coleoptera. 
<Trans.  Amer.  Ent.  Soc.,  viii,  1880. 

Tabulates  the  following  genera:  Leptaclnus  (p.  168),  Leptalinus  (p. 
171),  Xanthollnus  (p.  171),  Lathrobium  (p.  174),  Liparocephalus 
(p.  177),  St  Ulcus  (p.  178),  Sunlus  (p.  179). 

Casey,  T.  L. — Revision  of  the  Stenini  of  America,  north  of  Mexico. 
Separate  publication ;  Philadelphia,  1884. 

Horn,  G.  H. — A  study  of  Cryptobium  of  North  America.  <Trans. 
Amer.  Ent  Soc.,  xii,  pp.  85-106,  pis.  1-2,  1885. 

Synopsis   of   the    Philonthi    of   Boreal    America.     <Trans. 

Amer.  Ent.  Soc.,  xi,  pp.  177-244,  1884. 

Casey,  T.  L. — A  preliminary  monograph  of  the  North  American  spe- 
cies of  Trogophloeus.     <Ann.  N.  Y.  Acad.  Sci.,  iv,  pp.  322-383, 

1889. 

Staphylinidee.     <Ann.  N.  Y.  Acad.  Sci.,  vii,  1893. 

Describes  numerous  new  genera  of  the  subfamily  Aleocharln®,  with 
synoptic  tables  of  many  genera.  (See  Henshaw*8  Third  Supple- 
ment.) 

Erichson,  G.  F. — Genera  et  species  Staphylinorum.  Berlin,  1840, 
pp.  954,  pis.  5. 

Fenyes,  a. — A  preliminary,  systematic  arrangement  of  the  Ale- 
ocharinse  (Coleoptera)  of  the  United  States  and  Canada.  <Ent. 
News,  1908,  pp.  56-(;5. 

Casey,  T.  L. — A  revision  of  the  American  Paederini.  < Trans.  Acad. 
Sci.  St.  Louis,  XV,  pp.  17-248,  1905. 

Observations  on   the   Staphylinid   groups   Aleocharinae   and 

Xantholinini,  chiefly  of  America.    < Trans.  Acad.  Sci.  St.  Louis, 
XVI,  pp.  125-434,  1906. 

TRICHOPTERYOm^. 

Matthews,  A. — ^Trichopterygia  illustrata  et  descripta.  London, 
1872,  pp.  188,  pis.  31. 

A  monograph  of  the  Trichopterygld»  of  the  whole  world. 

Synopsis    of   North    American    Trichopterygidse.      <Trans. 

Amer.  Ent.  Soc.,  xi,  pp.  113-156,  1884. 
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SCAPHIDUDJE. 

Le  Conte,  J.  L. — Synopsis  of  the  Scaphidiidae  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  1860,  pp.  321-324. 

Casey,  T.  L. — Coleopterological  notices.  V.  <Ann.  N.  Y.  Acad. 
Sci.,  VII,  pp.  281-606,  1893. 

Synopsis  of  the  Scaphidiidte. 
[See  work  cited  under  Corylophidae.] 

Table  of  species  of  Scaphidlum,  Cyparlum,  Bseocera,  and  Scaptalomlcrus. 

PHALACHID^. 

Le  Conte,  J.  L. — Synopsis  of  the  Phalacridse  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  viii,  pp.  15-17,  1856. 

Casey,  T.  L. — Coleopterological  notices,  I.  <Ann.  N.  Y.  Acad. 
Sci.,  V,  pp.  39-185,  1891. 

Contains  a  synopsis  of  the  Phalacrldie. 

CORYLOPHID^. 

Le  Conte,  J.  L. — ^Remarks  upon  the  Coccinellidse  of  the  United 
States.     <Proc.  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  129-145,  1852. 
The  Corylophldae  are  treated  on  pp.  141-145. 

Casey,  T.  L. — Review  of  the  American  Corylophidse,  Cryptophagidee, 
Tritomidse,  and  Dermestidae,  with  other  studies.  <  Journ.  N.  Y. 
Ent.  Soc.,  1900,  pp.  51-172. 

CO€CINELLID.i!:. 

MuusANT,  E. — Species  das  Coleopteres  trimferes  s^curipalpes,    Lyon, 
1851.     2  vols.;  1  vol.  supplement.     Paris,  1853. 
A  monograph  of  the  Cocclnellldje  of  the  whole  world. 

Monographic    des    Coccinellides,    1"    Partie.      Coccinelliens. 

Paris,  186G,  pp.  292. 

Le  Conte,  J.  L. — Remarks  upon  the  Coccinellidee  of  the  United 
States.     <Proc.  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  129-Ul,  1852. 

Ckotch,  G.  R. — Revision  of  the  Coccinellidee  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  iv,  pp.  303-382,  1873. 

Revision  of  the  Coccinellidae.     Ed.  by  R.  Rippon.     London, 

1874. 

Treats  of  the  Cocclnellldte  of  the  whole  world. 

Casey,  T.  L. — A  revision  of  the  American  Coccinellidsp.  <Journ. 
N.  Y.  Ent  Soc-,  1899,  pp.  71-163. 
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Horn,  G.  H. — Studies  in  Coccinellidse.  <Trans.  Amer.  Ent.  See., 
xxn,  pp.  81-114,  1895. 

Synopsis  of  Scymnus  and  some  other  genera. 

Leng,  C.  W. — Notes  on  Coccinellidse.  <Joum.  N.  Y.  Ent.  Soc., 
1903,  pp.  35-45,  pi.  1;  1903,  pp.  193-213,  pis.  2;  1908,  pp.  33-44, 
pl.l. 

EROTYLID^. 

Lagordaire,  J.  T. — Monographie  de  la  famille  des  Erotyliens.  Paris, 
1842,  pp.  543. 

Le  Conte,  J.  L. — Synopsis  of  the  Erotylidae  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vii,  pp.  158-163,  1854. 

Crotch,  G.  R. — Synopsis  of  the  Erotylidse  of  Boreal  America. 
< Trans.  Amer.  Ent.  Soc,  iv,  pp.  349-358, 1873. 

Revision  of  the  family  Erotylidee.    <Cistula  Ent.,  i,  pp.  377- 

672.    London  [1876]. 

Treats  of  the  Erotylidie  of  the  whole  world. 

Kuhnt,  p. — Fam.  Erotylidee,  subfam.  Erotylinse.  <Gen.  Ins.,  Fasc. 
88,  pp.  139,  pis.  4,  1909. 

Fowler,  W.  W. — Fam.  Erotylida,  subfam.  Languriinse.  <Gen. 
Ins.,  Fasc.  78,  pp.  45,  pis.  3, 1909. 

SciLEFFER,  C. — [See  paper  under  Chrysomelidse.] 
Table  of  Lahgurla. 

ENDOMYCHIDiE. 

Le  Conte,  J.  L. — Synopsis  of  the  Endomychidse  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vi,  1853,  pp.  357-360. 

GERSTiECKER,  A. — Mouographic  der  Endomychiden.  Leipzig,  1858, 
pp.  433. 

Treats  of  the  BJndomychldse  of  the  whole  world. 

GoRHAM,  H.  S. — Endomycici  recitati.    London,  1873,  pp.  64. 

Crotch,  G.  R. — Synopsis  of  the  Endomychida?  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  iv.  pp.  359-363,  1873. 

CsiKi,  E. — Catalogus  Endomychidarum.  <Termes.  Fiizetek.,  xxiv, 
pp.  53,  1901. 

COLYDIID^. 

Horn,  G.  H. — [Revision  of  the  Bostrychidee  and]  Synopsis  of  the 
Colydiidffi  of  the  United  States.  <Proc.  Amer.  Phil.  Soc., 
xvu,  pp.  555-592,  1878. 
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ScH^FFER,  Chas. — A  fcw  ncw  Coleoptera  of  the  genus  Bitoma,  with 
notes  on  other  Colydiidae.     <Proc.  Eut.  Soe.  Wash.,  viii,  pp. 
136-141,  1906. 
Table  of  BItoma. 

RHYSSODID^. 

Le  Conte,  J.  L. — Notes  on  the  Rhyssodidoe  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  v,  pp.  162-168,  1875. 

Grouv^lle,  a. — Synopsis  des  Rhyssodides.     <Rev.   d'Ent.,   1903, 
pp.  85-147. 

CUCUJID^. 

Le  Conte,  J.  L. — Synopsis  of  the  Cucujides  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vii,  pp.  73-79, 1854. 

Casey,  T.  L. — ^Revision  of  the  Cucujidee  of  America,  north  of  Mex- 
ico.   <Trans.  Amer.  Ent.  Soc.,  xi,  pp.  69-112,  pis.  iv-viii,  1884. 

cryptophagid-e. 

Casey,  T.  L. — [See  work  cited  under  Corylophidse.] 
A  synopsis  of  the  family. 

Horn,  G.  H. — [See  work  under  "  Local  Lists."] 
Table  of  Tomarus. 

MYCETOPHAOro^. 

Le  Conte,  J.  L. — Sjrnopsis  of  the  Mycetophagid»  of  the  United 
States.     <Proc.  Acad.  Nat.  Sci.  Phila.,  viii,  pp.  12-15,  1856. 

Horn,  G.  H. — [Synoptic  tables  of  Mycetophagus,  Triphyllus,  and 
Litargus.]     <Proc.  Amer.  Phil.  Soc,  xvii,  pp.  603-608,  1878. 

Casey,  T.  L. — [See  work  cited  under  Corylophidse.] 
A  synopsis  of  Mycetophagldse  (Tritoniidse). 

dermestiike. 

Lb  Conte,  J.  L. — Synopsis  of  the  Dermestidee  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vii,  pp.  106-113,  1854. 

Jayne,  H.  F. — Revision  of  the  Dermestidse  of  the  United  States. 
<Proc.  Amer.  Phil.  Soc,  xx,  pp.  343-377,  pis.  1^.  1882. 

Casey,  T.  L. — [See  work  cited  under  Corylophidse.] 
a  synopsis  of  this  family. 

IIISTERUKK. 

Le  Conte,  J.  L. — A  monograph  of  the  North  American  Histeroides. 
<  Boston  Journ.  Nat.  Hist.,  v,  pp.  32-66,  plates,  1845. 
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Le  Conte,  J.  L. — Synopsis  of  the  species  of  the  Histeroid  genus 
Abrseus  Leach,  inhabiting  the  United  States,  with  descriptions 
of  two  nearly  allied  genera.  <Proc.  Acad.  Nat.  Sci.  Phila.,  vi, 
pp.  287-292,  1853. 

DE  Marseul,  S.  E. — Essai  monographique  sur  la  famille  des  Hist6- 
rides.  2  vols,  and  supplement.  Paris,  1853-1861,  38  pis.  <Ann. 
Soc.  Ent.  France. 

A  monograph  of  the  Histeridse  of  the  whole  world. 

Horn,  G.  H. — Synopsis  of  the  Histeridse  of  the  United  States. 
<Proc.  Amer.  Phil.  Soc.,  xni,  pp.  273-360,  plate,  1873. 

Casey,  T.  L.— Histeridro.     <Ann.  N.  Y.  Acad.  Sci.,  vii,  1893. 

Gives  synoptic  tables  or  partial  tables  of  various  genera,  enumerated  in 
IIenshaw*s  Third  Supplement. 

Lewis,  G. — A  systematic  catalogue  of  Histeridse.  London,  1905, 
pp.  81. 

ScH-ffiFFER,  Chas. — Xotcs  on  Histcrida?.  <Ent.  News,  1907,  pp.  301- 
306. 

Table  of  Hololepta. 

NITTOULro^. 

Horn,  G.  H. — Revision  of  the  Nitidulidse  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc.,  vii,  pp.  267-336,  1879. 

Murray,  A. — Monograph  of  Nitidulidae.  <  Trans.  Linn.  Soc.  Lond., 
XXIV,  pp.  211-414,  1864. 

Only  the  first  part  has  been  published. 

MONOTOMroJS. 

Horn,  G.  H. — Synopsis  of  the  Monotomidee  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  vii,  pp.  257-267,  1879. 

TROGOSITID^. 

Leveille,  a. — Catalogus  Temnochilidum  (sen  Trogositidum)  inter 
annos  1758-1900  editorum.  <Ann.  Soc.  Ent.  France,  1900,  pp. 
1-26. 

Horn,  G.  H. — Monograph  of  the  species  of  Trogosita  inhabiting  the 
United  States.  <Proc.  Acad.  Nat.  Sci.  Phila.,  1862  (1863),  pp. 
82-88. 

LATHRroiroiE. 

VON  Mannerheim,  C.  G. — Versuch  einer  monographischen  Darstel- 
lung  der  Kiifergattungen  Corticaria  iind  Lathridius.  <Grer- 
mar's  Zeitschr.  f.  Ent,  v,  pp.  1-112, 1845. 
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Le  Conte,  J.  L. — Synopsis  of  the  Lathridiides  of  the  United  States 
and  northern  contiguous  territories.  <Proc.  Acad.  Nat.  Sci. 
Phila.,  VII,  pp.  299-305,  1855. 

Fall,,  H.  C. — Revision  of  the  Lathridiidse  of  Boreal  America. 
<Trans.  Amer.  Ent.  Soc.,  xxv,  pp.  101-190,  pis.  3,  1899. 

Beuox,  O.  p. — Essai  de  classification  g^neraie  des  Lathridiidee,  avec 
le  catalogue  systematique  et  alphabetique  de  toutes  les  especes  du 
Globe.     <Eev.  d'Ent,  1897,  pp.  105-221. 

Belon,  M.  J. — Fam.  Lathridiidse.  <Gen.  Ins.,  Fasc.  3,  pp.  40,  pi.  1, 
1902. 

BYRRHIDJS. 

Le  Conte,  J.  L. — Synopsis  of  the  Byrrhidse  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  \ai,  pp.  113-117, 1854. 

WiCKHAM,  H.  F. — ^The  North  American  species  of  Pedilophorus. 
<Can.  Ent.,  1903,  pp.  179-182. 

DASCYLUDiE. 

Le  CJonte,  J.  L. — Synopsis  of  the  Atopidae,  Rhipiceridae,  and  Cy- 
phonidse  of  the  United  States.  <Proc.  Acad.  Nat.  Sci.  Phila., 
VI,  pp.  350-357,  1853. 

Horn,  G.  H. — Synopsis  of  the  Dascyllidae  of  the  United  States. 
< Trans.  Amer.  Ent.  Soc.,  viii,  pp.  76-114,  plate,  1880. 

rhipicerid^. 

Lb  Conte,  J.  L. — [See  paper  under  Dascyllidse.] 

Horn,  G.  H. — Notes  on  Elateridse,  Cebrionidse,  Rhipiceridse,  and 
Dascyllidae.    <Trans.  Amer.  Ent.  Soc,  ix,  pp.  85-86,  1881. 

PARNroJE. 

Le  Conte,  J.  L. — Synopsis  of  the  Parnidae  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  41-45, 1852. 

Horn,  G.  H. — Synopsis  of  the  Parnidse  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  in,  pp.  29-42,  1870. 

HETEROCERIDiE. 

Horn,  G.    H. — The    species    of    Heterocerus    of    Boreal    America. 
<Trans.  Amer.  Ent.  Soc,  xvii,  pp.  1-17,  1890. 
13567— BuU.  81—10 ^5 
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ELATERID.E. 

Le  Conte,  J.  L. — Revision  of  the  Elateridee  of  the  United  States. 
< Trans.  Amer.  Phil.  Soc,  x,  pp.  405-508,  1858. 

DE  Candeze,  E. — Monographie  des  filaterides.  4  vols,  and  3  supple- 
ments.   Liege,  1857-1881. 

DE  BoNvouLOiR,  H. — MonogTaphie  de  la  famille  des  Eucnemides. 
<Ann.  Soc.  Ent.  France,  4  ser.,  T.  10,  part  suppl^mentaire. 
Paris,  1871-1875,  pp.  907,  pis.  42. 

Horn,  G.  H. — Xotes  on  Elateridae,  Cebrionida?,  Rhipicerida*,  and 
Dascyllidae.     < Trans.  Amer.  Ent.  Soc.,  ix,  pp.  76-90,  Pis.  i,  ii, 

1881. 

Tabulates  Aplastus  (p.  77)  ;  Plastocerus  (p.  78)  ;  Euthysanius  (p.  79)  ; 
and  the  subfamily  Cebiioninip  (p.  82). 

Le  Conte,  J.  L. — Short  studies  of  North  American  Coleoptera  (No. 
2).    <Trans.  Amer.  Ent.  Soc,  xii,  pp.  1-32,  1884. 

Tabulates   Drasterius    (p.   4);    Megapenthes    (p.   6);   Elater    (p.  8); 
A^iotes  (p.  15).  • 

Horn,  G.  H. — A  study  of  some  genera  of  Elateridee.  <Trans.  Amer. 
Ent.  Soc,  XII,  pp.  38-52,  1884. 

Tabulates  Horlstonotus  (p.  34)  ;  Esthesopus  (p.  41)  ;  Ludius  (p.  45) ; 
Enlconyx  (p.  51). 

A  monograph  of  the  species  of  the  subfamilies  Eucneminse, 

Cerophytinse,  and   Perothopina^,  inhabiting  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  xiii,  pp.  5-58,  1886. 

A   monograph   of   the   species   of   Cryptohypnus   of   Boreal 

America.     <Trans.  Amer.  Ent.  Soc,  xviii,  pp.  1-29,  1891. 

Blanciiard,  F. — Revision  of  the  species  of  Cardiophonis  Esch.  of 
America,  north  of  Mexico.  < Trans.  Amer.  Ent.  Soc,  xvi,  pp. 
1-27,  1889. 

ScHWARZ,  O. — Fam.  Elaterida*.  <Gen.  Ins.,  Ease  46,  pp.  370,  pis.  6, 
1907. 

Fall,  H.  C— A  new  Chalcolepidius.  <Ent.  News,  1898,  pp.  238- 
239. 

Casey,  T.  L. — [See  paper  under  Tenebrionida?.] 
Table  of  Chalcolepidius. 

THROSCID^. 

DE  BoNvouLoiR,  IT. — F^ssai  monographiquo  sur  la  famille  des  Thros- 
cides.     Paris,  18.59-1800;  with  supplement,  pp.  144,  pis.  5. 

Horn,  G.  II. — Synopsis  of  the  Throscida*  of  the  United  States* 
<Trans.  Amer.  Ent.  Soc,  xn,  pp.  198-208,  1885. 
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BUPRESTID^. 

Castelnau  de  Lapobte,  F.  L.,  et  Gory,  H. — Monographie  des  Bu- 
prestides.     <Hist.  Nat.  Icon.  Coleopteres,  Paris,  1835. 

Le  Conte,  J.  L. — Revision  of  the  Buprestidae  of  the  United  States. 

<  Trans.  Amer.  Phil.  Soc.,  xi,  pp.  187-258,  1859. 
Crotch,  G.  R. — Notes  on  the  species  of  Buprestidae  found  in  the 

United  States.     <Proc.  Acad.  Nat.  Sci.  Phila.,  1873,  pp.  84^96. 

Horn,  G.  H. — Revision  of  some  genera  of  Buprestidae.     < Trans. 

Amer.  Ent.  Soc,  x,  pp.  101-112,  1882. 
Revises  the  group  Anthaxlse. 
A  monograph  of  the  species  of  Chrysobothris  inhabiting  the 

United  States.     <Trans.  Amer.  Ent.  Soc.,  xiii,  pp.  05-123,  Pis. 

ii-vii,  1886. 

Fall,  H.  C. — Synopsis  of  the  species  of  Acma»odera  of  America, 
north  of  Mexico.     <  Journ.  N.  Y.  Ent.  Soc.,  1899,  pp.  1-37. 

Horn,  G.  H. — The  species  of  Agrilus  of  Boreal  America.  < Trans. 
Amer.  Ent.  Soc,  xviii,  pp.  277-336,  1891. 

Kerremans,  Ch. — Monographie  des  Buprestides.     Bruxelles.  1906- 
1909,  I,  pp.  536,  pis.  10;  II,  pp.  623,  pis.  6;  III,  pp.  602,  pis.  6. 
Complete  in  5  vols. 

Fam.   Buprestidae.     <Gen.    Ins.,   Fasc.    12,   pp.   33ft.   pis.   4, 

1903. 

ScHiEFFER,  C. — [See  paper  under  Chrvsonielida\] 
Table  of  Actenodes. 

Casey,  T.  L. — Studies  in  the  American  Buprestida*.  <Proc.  Wash. 
Acad.  Sci.,  xi,  pp.  47-178,  1909. 

Synopses  of  nippomelas,  Gyascutus,  Psiloptera,  Ohalcophora,  Buprestis, 
and  Dicerca. 

Skinner,  H. — Notes  on  Buprestidae,  with  descriptions  of  new  species. 
<Ent.  News,  1903,  pp.  236-239. 
Table  of  Tyndaris. 

LAMPYRID^. 

IjE  Conte,  J.  L. — Synopsis  of  the  Lampyrides  of  Temperate  North 
America.     <Proc.  Acad.  Nat.  Sci.  Phila.,  v,  pp.  331-347,  1851. 

Synopsis  of  the  Lampyrida?  of  the  United  States.     <Trans. 

Amer.  Ent.  Soc.,  ix,  pp.  15-72,  1881. 

Olivier,  E. — Lampyridae.     <Gen.  Ins.,  Fasc.  53,  pp.  74,  pis.  3,  1907. 

jfitudes  sur  les  Lampyrides.     <Ann.  Soc.  Ent.  France,  1886, 

pp.  201-216. 

Table  of  Photuris. 
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MALACHIIDiE. 

Lb  Conte,  J.  L. — Catalogue  of  the  Mely rides  of  the  United  States, 
with  descriptions  of  new  species.  <Proc.  Acad.  Nat  Sci.  Phila., 
VI,  pp.  163-171,  1852. 

Revision  of  the  Dasytini  of  the  United  States.     <Proc.  Acad. 

Nat.  Sci.  Phila.,  1866,  pp.  349-361. 

Horn,  G.  H. — Synopsis  of  the  Malachidse  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc.,  iv,  pp.  109-127,  1872. 

Casey,  T.  L. — [Synopsis  of  the]  Melyridae.  <Ann.  N.  Y.  Acad. 
Sci.,  vra,  pp.  456-606,  1895. 

CLiERTD^. 

Spinola,  M. — Essai  monographique  sur  les  Clerites,  insectes  Coleop- 
teres.    Geneva,  1844,  pis.  47;  I,  pp.  386";  II,  pp.  226. 

Le  Conte,  J.  L. — Synopsis  of  the  Coleopterous  insects  of  the  group 
Cleridse  which  inhabit  the  United  States.  <Ann.  Lye.  Nat. 
Hist.  New  York,  v,  pp.  9-35, 1849. 

Horn,  G.  H. — Synopsis  of  the  species  of  Cymatodera  and  Trichodes 
of  the  United  States.  <  Trans.  Amer.  Ent.  Soc,  v,  pp.  220-232, 
1876. 

WoLCOTT,  A.  B. — North  American  species  of  Chariessa  (Coleoptera). 
<Ent.  News,  1908,  pp.  70-72. 

LoHDE,  R. — Cleridarum  Catalogus.  <Stett\  Ent.  Zeit.,  1900,  pp. 
3-148. 

ScHENKLiNG,  S. — Fam.  Cleridse.  <Gen.  Ins.,  Fasc.  13,  pp.  124,  pis. 
5,  1903. 

PTINID-ffi. 

BoiLDiEU,  A. — Monographic  de  la  tribu  des  Ptiniores.  <Ann.  Soc. 
Ent.  France,  1856,  pp.  285-315. 

a  monograph  of  the  subfamily  Ptininse. 

Le  Conte,  J.  L. — Prodromus  of  a  monograph  of  the  species  of  the 
tribe  Anobiini,  of  the  family  Ptinidae,  inhabiting  North  America. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  1865,  pp.  222-244. 

Horn,  G.  H. — Revision  of  the  Bostrichidae  of  the  United  States. 
<Proc.  Amer.  Phil.  Soc,  xvii,  pp.  540-555,  1878. 

Casey,  T.  L. — Studies  in  Ptinidae,  Cioidae,  and  Sphindida?.  <  Journ. 
N.  Y.  Ent.  Soc,  1898,  pp.  61-65. 

Contains  table  of  North  American  genera  of  Bostrichini,  with  synoptic 
tables  of  species,  pp.  65-76. 
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Horn,  G.  H. — [See  article  under  "  Local  Lists."] 
Table  of  Trichodesmus. 

Fall,  H.  C. — Revision  of  the  Ptinidee  of  Boreal  America.  <  Trans. 
Amer.  Ent.  Soc.,  xxxi,  pp.  97-296,  1905. 

Lesne,  p. — Revision  des  Col6optferes  de  la  famille  des  Bostrichidep. 
<Ann.  Soc.  Ent.  France,  I,  1896,  pp.  95-127;  II,  1897,  pp.  319- 
350;  III,  1898,  pp.  438-621;  IV,  1900,  pp.  473-639. 

cioro^. 

Mellie,  J. — ^Monographic  de  Tancien  genre  Cis  des  auteurs.  <Ann. 
Soc.  Ent.  France,  1848,  pp.  205-274,  313-396,  pis.  4. 

Casey,  T.  L. — [See  work  just  cited  under  Ptinidee.] 

Contains  a  synopsis  of  the  North  American  Oioidse  and   Sphindidie, 
pp.  76-93. 

CUPESIDJE. 

Le  Conte,  J.  L. — On  the  Cupesida?  of  North  America.  <Trans* 
Amer.  Ent.  Soc.,  v,  pp.  87-88,  1874. 

LUCANID-flS. 

Ftjchs,  C. — Synopsis  of  the  Lucanidse  of  the  United  States.  <Bul. 
Brooklyn  Ent.  Soc.,  v,  pp.  49-52,  57-60,  pi.  1,  1882. 

VAN  RooN,  G. — Naamlijst  der  Lucaniden.  <Tijd.  voor  Ent.,  1905, 
pp.  83-180. 

KuwERT,  A. — Die  Passaliden  dichotomisch  bearbeitet.  <Nov.  ZooL, 
III,  pp.  209-230,  1896;  iv,  pp.  274-306,  1897;  v,  pp.  137-205,  259- 
349,  1898. 

Wttsman,  M.  p. — Catalogue  systematique  des  Passalides.  <Ann. 
Mus.  Genova,  (2)  i,  pp.  326^348,  1884. 

SCARAB^m^. 

BuRMEiSTER,  H. — Handbuch  der  Entomologie.  Ill,  Coleoptera  La- 
mellicornia  Melitophila.     Berlin,  1842. 

Le  Conte,  J.  L. — Notice  of  three  genera  of  Scarabaeidae  found  in  the 
United  States.  <Proc.  Acad.  Nat.  Sci.  Phila.,  viii,  pp.  19-25, 
1856. 

Treats  of  Ligyrus,  Aphonns,  and  PolynMBchus. 

Synopsis  of  the  Melolonthidee  of  the  United  States.     <  Joum. 

Acad.  Nat.  Sci.  Phila.,  ser.  2,  iii,  pp.  225-288,  1856. 

Horn,  G.  H. — Notes  on  some  genera  of  Coprophagous  Scaraba^idse 
of  the  United  States.  <Trans.  Amer.  Ent.  Soc,  iii,  pp.  42-51, 
1870. 

Tabulates  Copris  (p.  42)  ;  Canthon  (p.  44)  ;  Amechanus  (Bradyclnetus) 
(p.  48) ;  Bolboceras  (p.  49) ;  Odontaeus  (p.  50). 
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Horn,  G.  H. — Description  of  the  species  of  Aphodius  and  Dialytes 
of  the  United  States.  <  Trans.  Amer.  Ent.  Soc.,  ni,  pp.  110- 
134,  1870. 

Synopsis  of  Aphodiini  of  the  United  States.    < Trans.  Amer. 

Ent.'  Soc,  III,  pp.  284-297,  1871. 
Continuation  of  the  foregoing  paper. 

■■ — Descriptions  of  new  Coleoptera  of  the  United  States,  with 

notes  on  known  species.    < Trans.  Amer.  Ent.  Soc.,  iii,  1870-1871. 

Tabulates  Cyclocephala    (p.  334)  ;   Catalpa    (p.  337)  ;   Cremastochilus 
(p.  339). 

Synonymical  notes  and  descriptions  of  new  species  of  North 


American  Coleoptera.    <Trans.  Amer.  Ent.  Soc,  v,  pp.  126-156, 
1875. 

Tabulates  Onthophagus  (p.  137)  ;  Ligyrus  (p.  143)  :  Strategus  (p.  143). 

Revision  of  the  United  States  species  of  Ochodseus  and  other 

genera  of  Scarabaeidae.    <Trans.  Amer.  Ent.  Soc,  v,  pp.  177-197, 
1876. 

Tabulates  Ochodceus  (p.  177)  ;  Macrodactylus  (p.  183)  ;  Dichelonycha 
(p.  18.^)  ;  Coenonycha  (p.  192)  ;  Trichius  (p.  194). 

Contributions  to  the  Coleopterology  of  the  United  States,  No. 

3.    <Trans.  Amer.  Ent.  Soc,  tiii,  pp.  139-154,  1880. 

Tabulates  Geotrupes  (p.  144)  ;  Phileurus  (p.  147),  and  describes  the 
species  of  Plectrodes  (p.  145). 

Blanchard,  F. — On  the  species  of  Canthon  and  Phaneeus  of  the 
United  States,  with  notes  on  other  genera.  < Trans.  Amer.  Ent. 
Soc,  XII,  pp.  163-172,  1885. 

Horn,  G.  H. — A  monograph  of  the  Aphodiini  inhabiting  the  United 
States.     <Trans.  ^\jner.  Ent.  Soc,  xiv,  pp.  1-110,  1887. 
Supersedes  the  two  papers  cited  above. 

Revision  of  the  species  of  Lachnosterna  of  America  north  of 

Mexico.    <Trans.  Amer.  Ent.  Soc,  xiv,  pp.  209-296,  PL  in,  1887. 

Notes  on  the  species  of  Anomala  inhabiting  the  United  States. 


<Trans.  Amer.  Ent.  Soc,  xi,  pp.  157-164,  1884. 

Smith,  J.  B. — Xotes  on  the  species  of  Lachnosterna  of  temperate 
North  America,  with  description  of  new  species.  <Proc  U.  S. 
Nat.  Mus.,  XI,  pp.  481-525,  pis.  48-60,  1888. 

Horn,  G.  H. — Synopsis  of  the  Euphoria*  of  the  United  States. 
<Proc  Amer.  Phil.  Soc,  xviii,  pp.  397-408,  PI.  iv,  1879. 

A  monographic  revision  of  the  species  of  Cremastochilus  of 

the  United  States.    <Proc.  Amer.  Phil.  Soc,  xviii,  pp.  382-397, 
PI.  IV,  1879. 
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Horn,  G.  H. — [See  article  under  "  Local  Lists."] 

,  Table  of  Cbnaunanthus. 
BoucoMONT,  A. — Fam.  Geotrupidse.     <Gen.  Ins.,  Fasc.  7,  pp.  20, 
pi.  1,  1902. 

Blanchard,  F. — Some  account  of  our  species  of  Geotrupes.    <  Psyche, 

V,  pp.  103-110,  1888. 
Faix,  H.  C. — The  North  American  species  of  Glaresis.     <  Psyche, 

1907,  pp.  23-26. 
A  short  synopsis  of  the  species  of  Ochodaeus  inhabiting  the 

United  States.    <  Journ.  N.  Y.  Ent.  Soc.,  1909,  pp.  30-38. 
Revision  of  the  species  of  Diplotaxis  of  the  United  States. 

<Trans.  Amer.  Ent.  Soc,  xxxv,  pp.  1-97,  pi.  1,  1909. 

Notes'  on  Dichelonycha  and  Cantharis,  with  descriptions  of 


new  species  in  other  genera.     < Trans.  Amer.  Ent.  Soc.,  xxvii, 

pp.  277-310,  1901. 

Tables  of  Dichelonycha,  Cantharis,  and  Scythropus. 
HoRx,  G.  H. — Pleocoma  Lee,  its  systematic  position  and  indication 

of  new  species.    <Ent.  Amer.,  iii,  pp.  233-235,  1888. 
ScH^FFER,    Chas. — On    Bradycinetus     and    Bolboceras     of    North 

America,  with  notes  on  other  Scarabseidse.     <Trans.  Amer.  Ent 

Soc.,  xxxii,  pp.  249-260,  1906. 

New  Scarabseidse.    <  Journ.  N.  Y.  Ent.  Soc,  1907,  pp.  60-75. 

Table  of  Anomala  and  Strigoderma. 
WicKHAM,  H.  F. — The  North  American  species  of  Cotalpa.     <  Journ. 
N.  Y.  Ent.  Soc.,  1905,  pp.  1^. 

CERAMBYCID^. 

Haldeman,  S.  S. — Materials  toward  a  history  of  the  Coleoptera  Lon- 
gicornia  of  the  United  States.  <  Trans.  Amer.  Phil.  Soc,  x, 
pp.  27-67;  and  Proc.  Amer.  Phil.  Soc,  iv,  pp.  371-376,  1847. 

Le  Conte,  J.  L. — An  attempt  to  classify  the  Longicorn  Coleoptera 
of  the  part  of  America  north  of  Mexico.  <Journ.  Acad.  Nat. 
Sci.  PhUa.,  I,  pp.  311-340,  1850;  ii,  pp.  5-38,  99-112,  139-178, 
1852. 
Note  on  the  classification  of  the  Cerambycidse,  with  descrip- 
tions of  new  species.  <Proc.  Acad.  Nat.  Sci.  Phila.,  1862,  pp. 
38-42. 

New  species  of  North  American  Coleoptera.    Prepared  for  the 

Smithsonian  Institution.    Pt.  II.     <  Smithsonian  Miscellaneous 
Collections,  xi,  1874. 

Tabulates  the  following  genera  :  Crlocephalus  (p.  169)  ;  Eburia  (p.  179)  ; 
Elaphidion  (p.  181)  ;  Aneflus  (p.  185)  ;  Crossidius  (p.  196)  ;  Ac- 
msBops  (p.  208)  ;  Strangalia  (p.  212)  ;  Typocerus  (p.  213) ;  Lep- 
tura  (p.  215)  ;  Monilema  (p.  229)  ;  Monohammus  (p.  231)  ;  Pogo- 
nocherus  (p.  237) ;  Saperda  (p.  238). 
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Horn,  G.  H. — Notes  on  some  genera  of  Cerambycidse  of  the  United 
States.     <  Trans.  Amer.  Ent.  Soc.,  vii,  pp.  41-50,  1878.    , 

Gives  tables  of  Pogonocherus  (p.  42) ;  Mecas  (p.  44)  ;  Oberea  (p.  45)  ; 
Tetraopes  (p.  48)  ;  Tetrops  (p.  50). 

Notes  on  some  genera  of  Cerambycidse,  with  descriptions  of 

new  species.    <Trans.  Amer.  Ent.  Soc.,  viii,  pp.  115-133, 1880. 

A  complete  revision  of  the  tribe  Acanthoderini  (p.  115)  ;  tables  of 
.Ethecerus  (p.  133)  ;  Cyllene  (p.  134). 

Leng,  C.  W. — Synopsis  of  Coleoptera  [Cerambycidae].  <Bul. 
Brooklyn  Ent.  Soc.,  vii.  No.  1,  p.  7,  1884,  and  in  subsequent  num- 
bers; continued  in  Entomologica  Americana,  Vols.  I- VI. 

The  tables  are  partly  reproduced  from  those  given  by  Le  Conte  or 
Korn,  and  are  partly  original  by  Horn  or  by  Leng. 

Horn,  G.  H. — Descriptions  of  some  new  Cerambycidse,  with  notes. 
<Trans.  Amer.  Ent.  Soc.,  xii,  pp.  173-197,  1885. 

Tables  of  Oxoplus  (p.  175)  ;  Stenosphenus  (p.  177)  ;  Monilema  (p.  180)  ; 
Monoliammus  (p.  190)  ;  Goes  (p.  193)  ;  I>orca8chema  (p.  193)  ; 
Oncideres  (p.  194)  ;  Eupogonius  (p.  196)  ;  Dysphaga  (p.  197). 

Leng,  C.  W.,  and  Hamilton,  J. — The  Lamiinse  of  North  America. 
< Trans.  Amer.  Ent.  Soc,  xxiii,  pp.  101-178,  1896. 

Felt,  E.  P.,  and  Joutel,  L.  H. — ^Monograph  of  the  genus  Saperda. 
<Bul.  74,  N.  Y.  State  Mus.,  pp.  86,  pis.  14, 1904. 

ScH^FFER,  C. — Two  new  Oncideres,  with  notes  on  some  other  Cole- 
optera.   <Can.  Ent.,  1906,  pp.  18-23. 
Table  of  Oncideres  and  Polycesta. 

Casey,  T.  L. — New  species  of  Pemphus  and  Tragosoma.     <Ent. 
News,  1899,  pp.  97-99. 
Table  of  Tragosoma. 

Webb,  J.  L. — Description  of  a  new  species  of  Desmocerus,  with  a 
synoptic  table  of  the  genus.  <Proc.  Ent.  Soc.  Wash.,  vii,  pp. 
104-105,  1905. 

ScaEFFER,  C. — Four  new  Cerambycidse.  <Journ.  N.  Y.  Ent.  Soc, 
1909,  pp.  99-103. 

Table  of  Pogonocherus. 

CHRYSOMELroiE. 

Lacx)rdaire,  J.  T. — Monographic  des  Coleopteres  subpentamferes  de 
la  famille  des  Phytophages.    2  vols.,  Bruxelles,  1845. 

SuFFRiAN,  E. — Monographic  und  kritisches  Verzeichniss  der  nord- 
amerikanischen  Cryptocephalen.  <Linn8ea  Ent.,  vi-viii,  1852- 
1854. 
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Sogers,  W.  F. — Synopsis  of  the  species  of  Chrysomela  and  allied  gen- 
era inhabiting  the  United  States.  <Proc.  Acad.  Nat.  Sci. 
Phila.,  VIII,  pp.  29-39,  pi.  1,  1856. 

A  synopsis  of  the  present  tribe  Chrysomelinl. 

Le  Conte,  J.  L. — On  the  species  of  Galenica  and  allied  genera  in- 
habiting North  America.  <Proc.  Acad.  Nat.  ScL  Phila.,  1865, 
pp.  204-222. 

A  review  of  Galeruclni  genuini. 

Crotch,  G.  R. — Materials  for  the  study  of  the  Phytophaga  of  the 
United  States.'    <Proc.  Acad.  Nat.  Sci.  Phila.,  1873,  pp.  19-83. 

A  revision  of  most  of  tlie  North  American  genera  of  Cbrysomelidse, 
omitting  most  of  the  Cryptocephalini,  the  Galerucinl  genuini,  and 
the  genera  Haltica  and  Longltarsus. 

Le  Conte,  J.  L. — Short  studies  of  North  American  Coleoptera. 
<Trans.  Amer.  Ent.  Soc,  viii,  pp.  163-218,  1880. 

Gives  synoptic  tables  of  Monachus  (p.  195)  ;  Diachus  (p.  196) ;  Trla- 
chus  (p.  197)  ;  Bassareus  (p.  198)  ;  Cryptocephalus  (p.  199)  ; 
Pachybrachys  (p.  204). 

Horn,  G.  H. — Miscellaneous  notes  and  short  studies  of  North  Amer- 
ican Coleoptera,  Chrysomelidse,  Hispini.  < Trans.  Amer.  Ent 
Soc.,  X,  pp.  290-303,  1883. 

A  synopsis  of  the  Halticini  of  Boreal  America.     <Trans. 

Amer.  Ent.  Soc,  xvi,  pp.  163-320,  1889. 

The  Galerucini  of   Boreal  America.     <  Trans.   Amer.   Ent. 

Soc.,  XX,  pp.  57-136,  1893. 

The  Eumolpini  of  Boreal  America.     <Trans.   Amer.  Ent. 

Soc.,  XIX,  pp.  195^234,  1892. 

Studies  in  Chrysomelidae.     <Trans.  Amer.  Ent.  Soc,  xix,  pp. 


1-18,  1892. 

Leng,  C.  W. — Revision  of  the  Donacise  of  Boreal  America.  < Trans. 
Amer.  Ent.  Soc,  xviii,  pp.  159-176,  1891. 

Stal,  C.  Monographic  des  Chrysomelides  de  I'Amerique.  <Act. 
Soc  Roy.  Sci.  Upsal.,  1862,  pp.  1-86;  1863,  pp.  87-176;  1865, 
pp.  177-365. 

LiNELL,  M.  L. — New  species  of  Coleoptera  of  the  family  Chrysome- 
lida?,  with  short  review  of  the  tribe  Chlamydini.  <Proc.  U.  S. 
Nat.  Mus.,  XX,  pp.  473^85,  1897. 

A  short  revision   of   the   Chrysomelas  of  North   America. 

<Joum.  N.  Y.  Ent.  Soc,  1896,  pp.  195-200. 

Horn,  G.  H. — [See  article  under  "  Local  Lists."] 
Tables  of  PhyUecthrus  and  Phyllobrotica. 
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Jacoby,  M. — Fam.  Sagridse.  <Gen.  Ins.,  Fasc.  14,  pp.  12,  pL  1, 
1903. 

Jacoby,  M.,  et  Clavareau,  H. — Fam.  Donacidse.  <Gten.  Ins.,  Fasc 
21,  pp.  14,  pi.  1,  1904. 

Fam.  Crioceridff.     <Gen.  Ins.,  Fasc.  23,  pp.  40,  pis.  5,  1904. 

Fam.  Megalopidse.    <Gen.  Ins.,  Fasc.  33,  pp.  20,  pis.  2,  1905. 

Fam.  Clj^ridse.    <Gen,  Ins.,  Fasc.  49,  pp.  87,  pis.  5,  1906. 

ScH^FFER,  Chas. — Ncw  genera  and  species  of  Coleoptera.  <  Journ. 
N.  Y.  Ent.  Soc.,  1904,  pp.  197-263. 

Tables  of  Langurla,  Fidla,  Anthrlbus,  Myochrous,  and  Actenodes. 

BRUCHIDiE. 

Horn,  G.  H. — Revision  of  the  Bruchidse  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc.,  iv,  pp.  311-342,  1873. 

TENEBRIONm^E. 

Horn,  G.  H. — ^Revision  of  the  Tenebrionidse  of  America,  north  of 
Mexico.  <  Trans.  Amer.  Phil.  Soc,  n.  ser.,  xiv,  pp.  253-404, 
pis.  2,  1870. 

Casey,  T.  L. — ^Coleopterological  notices.  11.  <Ann.  N.  Y.  Acad. 
Sci.,  V,  pp.  307-503,  1890. 

Contains  synopses  of  various  groups  and  genera  of  Tenebrionldae  which 
are  enumerated  in  Henshaw's  Third  Supplement. 

Blaisdell,  F.  E. — A  monographic  revision  of  the  Coleoptera  belong- 
ing to  the  Tenebrionide  tribe  Eleodiini  inhabiting  the  United 
States,  Lower  California,  and  adjacent  islands.  <Bul.  63,  U.  S. 
Nat.  Mus.,  1909,  pp.  524,  pis.  13. 

Casey,  T.  L. — A  revision  of  the  Tenebrionid  subfamily  Coniontina?. 
<Proc.  Wash.  Acad.  Sci.,  x,  pp.  51-166,  1908. 

Notes  on  Chalcolepidius  and  the  Zopherini.    <Can.  Ent.,  1907, 

pp.  29-46. 

Horn,  G.  H. — [See  under  "  Local  Lists."] 
Tables  of  Trimytis  and  Eusattus. 

Casey,  T.  L. — Revision  of  the  American  components  of  the  Tene- 
brionid subfamily  Tentyrinse.  <Proc.  Wash.  Acad.  Sci.,  ix, 
pp.  275-522,  1907. 

Fall,  H.  C. — Coleopterological  notes,  synonymical  and  descriptive. 

<Ent.  News,  1907,  pp.  174-177. 
Table  of  Alsephua 
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CISTELIDiE, 

Casey,  T.  L. — Coleopterological  notices.  IIL  <Ann.  N.  Y.  Acad. 
Sci.,  VI,  pp.  9-214,  1892. 

Contains  synopses  of  the  Clstelidse  and  of  the  tribe  Cleonlnl  of  the 
Curculionldae. 

Horn,  G.  H. —  [See  under  "  Local  Lists."] 
Table  of  Lystronychus. 

OTHNIIDiE. 

The  few  species  of  the  single  genus  constituting  this  family  have 
been  tabulated  by  Doctor  Horn  in  Trans.  Amer.  Ent.  Soc,  ii,  pp. 
132,  133,  1868. 

LAGRiro^. 

Horn,  G.  H. — Miscellaneous  Coleopterous  studies.  <  Trans.  Amer. 
Ent.  Soc.,  XV,  pp.  26-48,  1888. 

Contains  on  pp.  28-32  a  synopsis  of  th^  family. 
ScH^FFER,  Chas. — Three  new  species  of  the  genus  Statira  Latreille. 
<  Joum.  N.  Y.  Ent.  Soc.,  1905,  pp.  179-181. 
Table  of  speciea 

PYTHIDiE. 

Excepting  the  table  of  Cononotus,  by  Horn  (Trans.  Amer.  Ent.  Soc., 
n,  p.  136,  1868),  and  a  table  of  Pytho,  by  the  same  author  (ibid., 
XV,  p.  45,  1888),  we  have  no  synoptic  papers  on  this  family. 

(EDEMERTD^. 

Lb  Conte,  J.  L. — Synopsis  of  the  CEdemeridse  of  the  United  States. 

<Proc.  Acad.  Nat.  Sci.  Phila.,  vii,  pp.  20-22,  1854. 
Horn,  G.  H. — The  CEdemerida?  of  Boreal  America.     <Proc.  Cal. 

Acad.  Sci.,  vi,  pp.  382-421,  1896. 

CEPHALOIDiE. 

The  few  species  composing  this  family  are  tabulated  by  Le  Conte  in 
E.  P.  Austin's  catalogue  of  the  Coleoptera  of  Mount  Washington, 
N.  H.    <Proc.  Boston  Soc.  Nat.  Hist.,  xvi,  pp.  265-276,  1874. 

Horn,  G.  H.— [See  under  "  Local  Lists."] 
Table  of  Cephaloon. 

Casey,  T.  L. — Studies  in  Cephaloidse.  <Ent  News,  1898,  pp. 
193-195. 

Table  of  genera  and  table  of  Sponidium. 

MORDELLID^. 

Le  Conte,  J.  L. — Synopsis  of  the  Mordellidse  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  1862,  pp.  43-51. 
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Smith,  J.  B. — A  synopsis  of  the  Mordellidse  of  the  United  States. 
<Trans.  Amer.  Ent.  Soc,  x,  pp.  73-100,  Pis.  i-ra,  1882. 

RHIPIPHORIDiE. 

Le  Conte,  J.  L. — ^Note  on  the  species  of  Myodites  Latr.,  inhabiting 

the  United  States.     <Proc.  Acad.  Nat.  Sci.  Phila.,  1865,  pp. 

96-98.    See  also  "  Short  studies  of  North  American  Coleoptera." 

<Trans.  Amer.  Ent.  Soc.,  vni,  p.  210,  1880. 
Horn,  G.  H. — Notes  on  the  species  of  Rhipiphorus  of  the  United 

States.     <Trans.  Amer.  Ent.  Soc.,  v,  pp.  121-126,  1875. 

MONOMMroJE. 

Thomson,  J. — Monographic  de  la  famille  des  Monommides.  <Ann. 
Soc.  Ent.  France,  1860,  pp.  5-^8. 

A  monograph  of  the  family  of  the  whole  world.  The  few  (four)  species 
hitherto  found  in  North  America  are  tabulated  by  Horn  in  Trans. 
Amer.  Ent.  Soc.,  iv,  p.  150,  1872. 

MEIiANDRYID^. 

A  table  of  Hallomenus,  by  Le  Conte  (Proc.  Amer.  Phil.  Soc.,  xvn, 
p.  619,  1878). 

Horn,   G.    H. — Notes    on   the   Mycteridee   and    other   Heteromera, 
<Trans.  Amer.  Ent.  Soc.,  vn,  pp.  336-339,  1879. 
Tabulates  Mycterus  and  Lacconotus. 

Miscellaneous    Coleopterous   studies.      <  Trans.   Amer.   Ent. 

Soc.,  XV,  pp.  26-48,  1888. 

Contains  on  pp.  32-44  a  revised  table  of  the  tribes  of  Melandryidse  and 
tables  of  the  genera  Eustrophus,  Holostrophus,  Orchesia,  and 
Hypulus. 

Casey,  T.  L. — [See  work  cited  under  Corylophidae.] 
Contains  table  of  tribe  Tetratomini. 

ANTHICroiE. 

DE  LA  Ferte-Senectere,  F. — Monographic  des  Anthicus  et  genres 
voisins,  Coleopteres  heteromeres  de  la  tribus  des  Trach^lides. 
Paris,  1848,  pp.  340,  pis.  16. 

Le  Conte,  J.  L. — Synopsis  of  the  Anthicites  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  91-104,  1852. 

Synopsis  of  the  Pyrochroidee  of  the  United  States.     <Proc. 

Acad.  Nat.  Sci.  Phila.,  vii,  pp.  270-275,  1855. 

The  tribes  Pedllinl,  Xylophilinl,  and  Macratrini,  formerly  attached  to 
the  PyrochroidsB,  are  here  treated. 
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Horn,  G.  H. — Synopsis  of  the  species  of  Corphyra  Say,  of  the  United 
States.     <Trans.  Amer.  Ent  Soc.,  iii,  pp.  278-283,  1871. 

For  subsequent  tables  by  Doctor  Horn  of  the  same  genus  see  Trans. 
Amer.  Ent.  Soc.,  v,  p.  40,  1874,  and  ibid.,  x,  pp.  305-310,  1883. 

Casey,  T.  L. — Coleopterological  noticea    VI.     <Ann.  N.  Y.  Acad. 
Sci.,  vra,  pp.  435-^38,  1895. 
Synopsis  of  the  Anthicidse. 

HoRK,  G.  H. — Synopsis  of  the  United  States  species  of  Notoxus  and 
Mecynotarsus.    <Trans.  Amer.  Ent.  Soc.,  xi,  pp.  165-176,  1884. 

Pic,  M. — Fam.  Hylophylidee.  <Gen.  Ins.,  Fasc.  8,  pp.  14,  pi.  1, 
1902. 

WiCKHAM,  H.  F. — A  review  of  the  species  of  Tanarthropsis  Casey. 
<Trans.  Amer.  Ent.  Soc.,  xxxii,  pp.  165-172, 1906. 

PYROCHROro^E. 

Le  Conte,  J.  L. — Synopsis  of  the  Pyrochroidee  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vii,  pp.  270-275,  1855. 

Horn,  G.  H. — ^Miscellaneous  Coleopterous  studies.  <Trans.  Amer. 
Ent.  Soc.,  XV,  1888. 

Ck)ntains,  on  p.  47,  a  table  of  Dendroides. 

MELOro^. 

Le  Conte,  J.  L. — Synopsis  of  the  Meloides  of  the  United  States. 
<Proc.  Acad.  Nat.  Sci.  Phila.,  vi,  pp.  328-350,  1853. 

Horn,  G.  H. — ^Revision  of  the  species  of  several  genera  of  Meloidee 
of  the  United  States.  <Proc.  Amer.  Phil.  Soc,  xiii,  pp.  88-117, 
1873. 

Gives  tables  of  Macrobasis  (p.  88) ;  Epicauta  (p.  95) ;  Cantharis  (p. 
103) ;  Pomphopcea  (p.  115). 

Studies  among  the  Meloidse.     <Trans.  Amer.  Ent.  Soc,  xn, 

pp.  107-116,  PI.  V,  1885. 

Contains  synoptic  tables  of  Macrobasis  and  Tetraonyx  and  synopsis  of 
Pyrota. 

Faix,  H.  C. — [See  paper  under  Scaraboeidae.] 
Table  of  Cantharis. 

WEii.MAN,  F.  C. — A  revision  of  the  genus  Calospasta  Le  Conte. 
<Ent  News,  1909,  pp.  19-25. 

rhynchophora. 

ScHGENHERR,  C  J. — Gcucra  et  species  Curculionidum  cum  synonymia 
hujus  familiae  ...     8  vols.,  Paris,  1833-1834. 

An  additional  volume,  Mantissa  secunda  familise  Curculionidum,  ap- 
peared In  1847. 
A  monograph  of  the  Rhynchophora   (including  the  Bruchidte)  of  the 
whole  world.    Now  antiquated. 
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Horn,  G.  H. — Contributions  to  a  knowledge  of  the  Curculionidae  of 
the  United  States.  <Proc.  Amer.  Phil.  Soc.,  xiii,  pp.  407^69, 
1878. 

A  revision  of  the  Calandrldte  and  synopses  of  Otidocephalus  (p.  448)  ; 
Magdalis  (p.  452)  ;  Balaninus  (p.  457)  ;  Orchestes  (p.  461)  ;  Rhya- 
sematus  (p.  463)  ;  Chalcodermus  (p.  465)  ;  Analcls  (p.  467). 

Smith,  J.  B. — Synopsis  of  the  Apionina?  of  North  America.  < Trans. 
Amer.  Ent.  Soc.,  xi,  pp.  41-68,  pis.  8,  1884. 

Le  Conte,  J.  L.,  and  Horn,  G.  H. — The  Rhynchophora  of  America, 
north  of  Mexico.    <Proc.  Amer.  Phil.  Soc.,  xv,  pp.  1-455,  187B. 
A  monograph  of  the  North  American  Rhynchophora. 

Blanchard,  F. — Table  of  Balaninus  Germ.  <Bul.  Brooklyn  Ent. 
Soc.,  VII,  pp.  lOG-108,  1884. 

DiETZ,  W.  G. — Revision  of  the  genera  and  species  of  Anthonomini 
inhabiting  North  .^jnerica.  <Trans.  Amer.  Ent.  Soc.,  xviii, 
pp.  177-276,  1891. 

Revision   of  the  genera   and   species  of   Desmori   of   North 

America.     <Trans.  Amer.  Ent.  Soc,  xxi,  pp.  118-178,  1894. 

Revision  of  the  genera  and  species  of  Ceutorhynchini  inhabit- 
ing North  America.  <  Trans.  Amer.  Ent.  Soc.,  xxin,  pp.  387- 
480,  1896. 

On  the  species  of  Macrops  Kirby,  inhabiting  North  America. 


<  Trans.  Amer.  Ent.  Soc,  xvi,  pp.  28-54,  pi.  1,  1889. 
Fall,  H.  C. — Revision  of  the  species  of  Apion  of  America,  north  of 

Mexico.     <Trans.  Amer.  Ent.  Soc,  xxv,  pp.  105-184*1898. 
Casey,  T.L. — On  some  new  North  American  Rhynchophora.    <Ann. 
N.  Y.  Acad.  Sci.,  rv,  pp.  229-296,  1888. 

Contains  synopses  of  several  genera  which  are  enumerated  in  Hen- 
shaw's  Third  Supplement,  and  of  the  genus  Sitonis. 

Coleopterological   notices.     IV.      <Ann.   N.   Y.   Acad.   Sci., 

VI,  pp.  359-712,  1892. 

Synopses  of  portions  of  the  Rhynchophora. 

Coleopterological  notices.     VI.     <Ann.  N.   Y.   Acad.   Sci., 

vni,  pp.  435-838,  1895. 

Contains  synoptic  tables  of  the  following  genera:  T^pyrus   (pp.  821- 
828)  :  Plectromodes  (pp.  829-^32)  ;  Rhyssematus  (pp.  832-836). 

Coleopterological  notices.     VII.     <Ann.  N.  Y.  Acad.  Sci., 


IX,  pp.  285-G84,  1897. 

Contains   the  following   synopses:  Balaninus    (part)    (pp.    655-664)  ; 
tribe  Zygoplni   (pp.  666-679);  Tachygonus   (pp.  679-681). 

Chittenden,  F.  IT. — On  the  species  of  Sphenophorns  related  to  per- 
tinax  OL,  with  descriptions  of  other  forms.  <Proc.  Ent.  Soc. 
Wash.,  vii,  pp.  50-G4,  1905. 
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Chittenden,  F.  H. — The  North  American  species  of  the  genus 
Notaris  Germ.     <Journ.  N.  Y.  Ent.  Soc.,  1906,  pp.  118-115. 

Fall,  H.  C. — New  species  of  American  Coleoptera  of  the  tribe  Zygo- 
pini.     <  Trans.  Amer.  Ent.  Soc,  xxxii,  pp.  53-61,  1906. 
Table  of  part  of  Copturus. 

ScHAEPFER,  Chas. — Ncw  Rhynchophora.     II.     <Journ.  N.  Y.  Ent. 
Soc.,  1907,  pp.  75-80. 
Table  of  Otidocephalus. 

New  Rhynchophora.    III.     <Joum.  N.  Y.  Ent  Soc,  1908, 

pp.  2ia-222. 

Table  of  Pandeletejus. 

BRENTHID.E. 

Horn,  G.  H.— The  Brenthidee  of  the  United  States.     <  Trans.  Amer. 

Ent.  Soc.,  IV,  pp.  127-129,  1872. 
VON  ScHONFELDT,  H. — Fam.  Brenthidse.     <Gen.  Ins.,  Fasc.  65,  pp. 

88,  pis.  2,  1908. 

SCOLYTIDiE. 

Zimmerman,  C. — Synopsis  of  the  Scolytidee  of  America,  north  of 
Mexico.  With  notes  and  an  appendix  by  J.  L.  Le  Conte. 
< Trans.  Amer.  Ent.  Soc.,  ii,  pp.  141-178,  1868. 

Chapuis,  F. — Synopsis  des  Scolytides.    Lifege,  1869,  pp.  61. 
A  general  classification. 

EiCHHOFF,  W. — Ratio,  descriptio,  emendatio  Tomicinorum.  <Mem. 
Soc.  Sci.  Liege,  (2)  viii,  pp.  1-581, 1878. 

4 

A  monograph  of  the  Scolytldse,  subfamily  Tomlcinae,  of  the  whole  globe. 

Swaine,  J.  W. — Catalogue  of  the  described  Scolytidee  of  America, 
north  of  Mexico.    <24th  Rep.  N.  Y.  State  Ent.,  pp.  76-159, 1909. 

Hopkins,  A.  D. — ^The  genus  Dendroctonus.  <Tech.  ser.  17,  Pt.  i, 
Bur.  Ent.,  U.  S.  Dept.  Agr.,  pp.  164,  pis.  8,  1909. 

STBEPSIFTEBA. 

PiEBCE,  W.  D. — ^A  preliminary  review  of  the  classification  of  the 
order  Strepsiptera.  <Proc.  Ent.  Soc.  Wash.,  ix,  pp.  75-85, 
1908. 

A  monographic  revision  of  the  twisted-winged  insects  com- 
prising the  order  Strepsiptera.  <Bul.  66,  U.  S.  Nat.  Mus.,  pp. 
232,  pis.  16,  1909. 

HEMIPTERA. 

Heteroptera. 
I.— CATALOGUES  AND  CHECK-LISTS. 

[Jhler,  p.  R. — Check-list  of  the  Hemiptera  Heteroptera  of  North 
America.  Published  by  the  Brooklyn  Entomological  Society, 
1886. 
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Lethierry,  L.,  et  Severin,  G. — Catalogue  general  des  H^mipteres. 
3  vols.    1893-1896.    Musee  royal  d'histoire  naturelle  de  Belgique. 

These  Include  all  the  Heteroptera  except  the  CapslcUe  and  the  Cryp- 
tocerata. 

Bergroth,  E. — Enumeratio  Pentatomidarum  post  Catalogum  Brux- 

ellensem  descriptarum.     <Mem.  Soc.  Ent.  Belg.,  xv,  pp.  130- 

200, 1908. 
KiRKALDY,  G.  W.,  and  Bueno,  J.  R.  pE  la  Torre. — A  catalogue  of 

American   aquatic  and  semiaquatic   Hemiptera.     <Proc.   Ent. 

Soc.  Wash.,  X,  pp.  173-216,  1909. 
Banks,  N. — A  Catalogue  of  the  Nearctic  Hemiptera-Heteroptera. 

Amer.  Ent.  Soc,  1909,  pp.  70. 

II,— GENERAL  WORKS  ON  CLASSIFICATION. 

Amyot,  C.  J.  B.,  et  Audinet-Serville,  J.  G. — Hemipteres.  Suites  k 
Buffon.    Histoire  naturelle  des  Insectes.    Paris,  1843. 

Stal,  C. — Analecta  hemipterologica.  Berlin,  1866-1869.  3  parts. 
Originally  published  in  the  Berliner  entomologische  Zeitschrift. 

Hemiptera  Fabriciana,  secundum  exempla  Musei  Hafniensis 

et  Kieliensis  descripta.  2  parts.  <Kongl.  Svensk.  Vet.-Akad. 
Handl.,  1868-1869. 

ScHiOEDTE,  J.  G. — Einige  neue  Hauptsatze  der  Morphologic  und  Sys- 
tematik  der  Rhynchoten.     <Naturh.  Tidskr.,  1869,  pp.  237ff. 

Uhler,  p.  R. — List  of  Hemiptera  of  the  region  west  of  the  Missis- 
sippi River,  including  those  collected  during  the  Hayden  ex- 
plorations of  1873.  <Bul.  U.  S.  Geol.  and  Geog.  Surv.,  i,  pp. 
267-361,  Pis.  xix-xxi,  1875. 

Report  upon  the  insects  collected  by  P.  R.  Uhler  during 

the  exploration  of  1875,  including  monographs  of  the  families 
Cydnidse  and  Saldida?,  and  the  Hemiptera  collected  by  A.  S. 
Packard,  M.  D.  <U.  S.  Geol.  and  Geog.  Surv.,  Bui.  iii,  pp. 
355-475,  1877. 

Stal,  C. — Enumeratio  Hemipterorum.  Bidrag  till  en  forteckning 
ofver  alia  hitills  kanda  Hemiptera  (or:  Index  specierum 
omnium  hucusque  cognitarum  cum  observationibus  systematicis) . 
<Kongl.  Svensk.  Vet.-Akad.  Handl.,  1870-1877,  5  parts. 

Bidrag   till    Hemipterernas    Systematik.      Of  vers.    K,    Vet.- 

Akad.  Forh.,  1867,  pp.  491-560. 

Synopses  of  genera  of  Pentatomldae  and  Coreldae. 

OsBORN,  H. — Classification  of  Hemiptera.  <Ent.  Amer.,  i,  pp. 
21-27,  1885. 

Short  characterization  of  the  whole  order,  with  tables  of  suborders  and 
families. 
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SuMMEBS,  H.   E. — ^The  true  bugs,  or  Heteroptera,  of  Tennessee. 
<Bul.  Tenn.  Agr.  Exp.  Sta.,  iv,  pp.  75-96, 1891. 

Contains  a  table  of  the  families,  tables  of  (genera  of  all  aquatic  forms, 
of  tlie  TCmealdffi,  Nabidse,  Phymatidse,  Aradidse,  Tingltidse,  and  the 
Cydnidffi. 

III.— MONOGRAPHS  AND  SYNOPSES. 

Heteroptera. 

CYDNIDiE. 

Uhler,  p.  R. — Summary  of  the  Cydnidse  of  North  America  in  report 

upon  the  insects  collected  by  P.  R.  Uhler,  etc.     <Bul.  U.  S.  Geol. 

and  Geog.  Surv.,  in,  pp.  366-396,  1877. 
SiQNORET,  V. — Revision  du  groupe  des  Cydnides  de  la  famille  des 

Pentatomides.     <Ann.  Soc.  Ent.  France,  1881,  and  subsequent 

volumes  to  1884. 

A  monograph  of  the  Cydnldse  of  the  whole  world. 

PENTATOMIDiE. 

Summers,  H.  E. — A  generic  synopsis  oi  the  Nearctic  Pentatomidse. 

<Proc.  Iowa  Acad.  Sci.,  vi,  pp.  40-46,  1898. 
Van  Duzee,  E.  P. — An  annotated  list  of  the  Pentatomidse  recorded 

from  North  America,  north  of  Mexico,  with  descriptions  of  some 

new  species.     < Trans.  Amer.  Ent.  Soc.,  xxx,  pp.  1-80,  1904. 
KiBKLAND,  A.  H. — ^The  species  of  Podisus  occurring  in  the  United 

States.     <Rep.  State  (Mass.)  Bd.  Agr.,  Exterm.  Gypsy* Moth, 

1898,  pp.  112-138,  pi.  1. 
ScHOTJTEDEN,  H. — Fam.  Pentatomidae.    <Gen.  Ins.,  Fasc.  30,  pp.  46, 

pis.  8,  1905;  Fasc.  24,  pp.  98,  pis.  5, 1904;  Fasc.  52,  pp.  82,  pis.  5, 

1907;  Fasc.  47,  pp.  4,  pi.  1, 1906. 

COREIDiE. 

MoNTANDON,  A.  L.— Notcs  ou  American  Hemiptera  Heteroptera. 
<Proc.  U.  S.  Nat.  Mus.,  xvi,  pp.  45-52, 1893. 
Table  of  Cosmopepla  and  Alydua. 
Baker,  C.  F. — Preliminary  remarks  on  American  Corizini  (Hemip- 
tera).    <Can.  Ent,  1908,  pp.  241-244. 
Table  of  Corlzus. 
Hambleton,  J.  C. — The  genus  Corizus,  with  a  review  of  the  North 
and  Middle  American  species.     <Ann.  Ent.  Soc.  Amer.,  i,  pp. 
133-147,  pis.  4, 1908. 
13567— Bull.  81—10 6 
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IjYQMTDM. 

Baker,  C.  F. — Notes  on  the  Nysius  and  Ortholomus  of  America. 

<  Invert.  Pacif.,  i,  pp.  133-UO,  1906. 
HoRVATH,  G. — Les  Scolopostherthus  americains.    <Rev.  d'Ent.,  1893, 

pp.  238-241. 
Van  Duzee,  E.  P. — Synonymical  and  descriptive  notes  on  North 

American  Heteroptera.     <Can.  Ent.,  1909,  pp.  369-375. 
Table  of  Ischnodemus. 

ACANTHOCORm^. 

Reuter,  O.  M. — Acanthiidse  Americans.     <  Of  vers.  K.  Vet.-Akad. 

Forh.,  1871,  pp.  557-567. 
Monographia  Anthocoridarum  orbis  terrestris.     <Act.  Soc. 

Sci.  Fenn.,  xiv,  pp.  555-758,  1886. 

ARADn>iE. 

Bergroth,  E. — Notes  on  the  Nearctic  Aradidse.     <Proc.  Ent.  Soc. 

Wash.,  n,  pp.  332-338,  .1892. 
Synopsis  of  the  genus  Neuroctenus  Fieber.     <  Of  vers.  Finsk. 

Vet.  Soc.  Forh.,  xxvi,  pp.  173-189,  1887. 
OsBORN,  H.— Aradidee  of  Ohio.    <Ohio  Nat.,  iv,  pp.  36-42, 1903. 

PHYMATH)^. 

Handlirsch,  a. — Monographic  der  Phymatiden.  <Ann.  k.  k. 
Naturh.  Hofmus.,  Wien,  xii,  pp.  127-230,  1897. 

NAsm^. 

Reuter,  O.  M. — Nabidse  novae  et  minus  cognitse.  <  Of  vers.  K.  Vet.- 
Akad.  Forh.,  XXIX,  pp.  79-96,  1872  (1873). 

Bemerkungen  iiber  Nabiden.    <M6m.  Soc.  Ent.  Belg.,  xv,  pp. 

87-130,  1908. 

REDUVIH)^. 

Stal,  C. — Monographic  der  Gattung  Conorhinus  und  Verwandten. 
<Berl.  ent.  Zeitschr.,  iii,  pp.  312-328,  1859. 

Bidrag  till  Reduviidernas  kannedomen.  <Ofvers.  K.  Vet.- 
Akad.  Forh.,  1866,  pp.  235-^02. 

Caudell,  a.  N. — ^The  genus  Sinea  of  Amyot  and  Serville.  <  Joum. 
N.  Y.  Ent.  Soc.,  1901,  pp.  1-11,  pis.  2. 


Digitized  by  VjOOQ IC 


HEMIPTEEA.  83 

EMESID^. 

DoHRN,  F.  A. — Beitrage  zu  einer  monographischen  Bearbeitung  der 
Farailie  der  Emesina.    <Linn8ea  Ent.,  xiv,  pp.  206-356,  Table  i, 
1860. 
Banks,  N. — Notes  on  our  species  of  Emesidee.     <  Psyche,  1909,  pp. 
i  43^8. 

I  CAPSID^. 

Atkinson,   E.   T. — Catalogue  of  the   Capsidse.      <Suppl.,  Journ. 
Asiatic  Soc.  Bengal,  Lvni,  Pt.  ii,  pp.  200, 1889. 
The  only  catalo^e  of  the  Gapsids  of  the  world. 

Reuter,  O.  M. — Capsinse  ex  America  boreali  in  Museo  Holmiensi 
asservatae.    <Ofver.  K.  Vet.-Akad.  Forh.,  1875,  pp.  59-92. 

Hemiptera  Gymnocerata  Europae.    Helsingfors,  I,  1878;  II, 

1879;  III,  1883;  IV,  1891;  V,  1896. 

Most  important  for  the  study  of  the  Capsidce. 

Bemerkungen  iiber  Nearktische  Capsiden  nebst  Beschreibung 

neuer  Arten.    <Acta  Soc.  Sci.  Fenn.,  1909,  pp.  89. 

&ALDIDM. 

Uhler,  p.  R. — Family  Saldidse.  (Report  upon  the  insects  collected 
by  P.  R.  Uhler  during  the  explorations  of  1875.)  <Bul.  U.  S. 
Geol.  and  Geog.  Surv.,  m,  pp.  429-452,  1877. 

BELOSTOMAXroiE. 

Letoy,  J. — History  and  anatomy  of  the  Hemipterous  genus  Belos- 

toma.     <  Journ.  Acad.  Nat.  Sci.  Phila.,  i,  pp.  57-67,  PI.  i,  1847. 
DupouK,  L. — Essai  monographique  sur  les  Belostomides.     <Ann. 

Soc.  Ent.  France,  1863,  pp.  373-400. 
Mayr,  G. — Die  Belostomiden.    Monographisch  bearbeitet.     <Verh. 

k.  k.  zool.-bot.Ges.  Wien,  1871,  pp.  399-440. 
MoNTANDON,  A.   L. — Hemiptcrcs   Heteroptferes  exotiques,  notes  et 

descriptions.    II,  Fam.  Belostomidae.     <Ann.  Soc.  Ent.  Belg., 

1896,  pp.  508-520. 

NAUCORTOiE. 

MoNTANDON,  A.  L. — Hcmiptcra  cryptocerata.  Fam.  Naucoridse, 
sous- fam.     Cryptocricinse.     <Verh.  k.  k.  zool.-bot.  Ges.  Wien, 

1897,  pp.  6-23. 
Table  of  Ambrysus. 

NEPmiE. 

BuENO,  J.  R.  DE  LA  ToRRE. — The  three  Ranatras  of  the  northeastern 
United  States.     <Can.  Ent.,  1905,  pp.  187-188, 
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NOTONECTID^. 

FiEBER,  F.  X. — Rhynchotographien,  drei  monographische  Abhand- 

lungen.    Sciocoridse,  Oxycarenus,  Notonectae.     <Abhandl.  kon. 

bohm.  Ges.  Wiss.  Prag,  ser.  5,  vii,  pp.  425-488,  1851. 
KiRKALDY,  G.  W. — Revision  of  the  Notonectidae,  Part  I.     <  Trans. 

Ent.  Soe.  Lond.,  1897,  pp.  393-426. 
BuENO,  J.  R.  DE  LA  ToRRE. — The  genus  Notonecta  in  America  north 

of  Mexico.     <  Journ.  N.  Y.  Ent.  Soc.,  1905,  pp.  143-167,  pi.  1. 

CORISID^. 

FiEBER,    F.    X. — Species    generis    Corisa    monographice    dispositse. 

<Abhandl.  kon.  bohm.  Ges.  Wiss.  Prag,  ser.  5,  vii,  pp.  213-260, 

1851. 
KiRKALDY,  G.  W. — ^Notes  on  Corixidae,  No.  1  (Hemiptera).     <Can. 

Ent,  1908,  pp.  117-120. 
Table  of  genera. 

Homoptera. 

CICADID^. 

WooDWORTH,    C.    W. — Synopsis     of     North     American     Cicadidae. 

<  Psyche,  v,  pp.  67-68,  1888. 
Uhler,  p.  R. — Preliminary  survey  of  the  Cicadidae  of  the  United 

States,  Antilles,  and  Mexico.     <  Trans.  Maryland  Acad.  Sci., 

1892,  pp.  175-179. 
Distant,  W.  L. — A  synonymic  catalogue  of  Homoptera.     Part  I, 

Cicadidae.     <Brit.  Mus.  Nat.  Hist.,  1906,  pp.  1-207. 
MacGillivray,  a.  D. — Cicadidae:    American    genera    and    species. 

<Can.  Ent.,  1901,  pp.  74-84. 
Smith,  J.  B.,  and  Grossbeck,  J.  A. — Studies  in  certain  Cicada  species. 

<Ent.  News,  1907,  pp.  11^129,  pis.  3. 

jassid.k. 

Van  Duzee,  E.  P. — A  catalogue  of  the  described  Jassoidea  of  North 
America.     <Trans.  Amer.  Ent.  Soc.,  xxi,  pp.  245-316,  1894. 

A  synoptical  arrangement  of  the  genera  of  the  North  Ameri- 
can Jassidae,  etc.  < Trans.  Amer.  Ent.  Soc.,  xix,  pp.  295-307, 
.    1892. 

Signoret,  V. — Essai  sur  les  Jassides  Stdl,  Fieb.,  et  plus  particuliere- 
ment  sur  les  Acocephalides  Puton.  <Ann.  Soc.  Ent,  France, 
1879-1880. 
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WooDWORTH,  C.  W. — Jassidse  of  Illinois,  Part  I.     <Bul.  111.  State 

Lab.  Nat.  Hist.,  in,  pp.  9-33,  1887. 
OsBORN,  H. — Jassidse  of  New  York  State.     <20th  Rep.  N.  Y.  State 
Ent,  pp.  498-545,  1904. 

and   Ball,  E.   D. — Studies  of   North   American   Jassoidea. 

<Proc.  Davenport  Acad.  Sci.,  vii,  pp.  45-100, 1898. 
Contains  a  review  of  Agallia. 

Contributions  to  the  Hemipterous  fauna  of  Iowa.     <Proc. 

Iowa  Acad.  Sci.,  rv^,  pp.  172-234,  1897. 
Contains  a  review  of  Deltocepbalus. 

The  genus  Pediopsis ;  a  review  of  the  North  American  species. 

<Proc.  Davenport  Acad.  Nat.  Sci.,  vii,  pp.  111-123,  1900. 
-A    review    of   the   North    American    species    of    Idiocerus. 


<Proc.  Davenport  Acad.  Nat.  Sci.,  vn,  pp.  124-138,  1900. 
WooDWORTH,  C.  W. — On  the  genus  Cicadula.    <Psyche,  v,  pp.  75-76, 

•    1889. 
Van  Duzee,  E.  P. — Review  of  the  North  American  species  of  Pedi- 
opsis.    <Ent.  Amer.,  1889,  pp.  165-174. 

A   revision   of  the  North   American   species   of   Phlepsius. 

'    <Trans.  Amer.  Ent.  Soc.,  xix,  pp.  63-82,  1892. 
Baker,  C.  F. — The  North  American  species  of  Gnathodus.     <Can. 

Ent.,  1896,  pp.  35-42. 
Van  Duzee,  E.  P. — ^Review  of  the  North  American  species  of  Bythos- 

copus.     <Ent.  Amer.,  1890,  pp.  221-229. 
WooDWORTH,  C.  W. — North  American  Typhlocybini.     <  Psyche,  v, 

pp.  211-214, 1889. 
Gillette,  C.  P. — ^American  leaf  hoppers  of  the  subfamily  Typhlocy- 

binae.     <Proc.  U.  S.  Nat.  Mus.,  xx,  pp.  709-773,  1898. 
OsBORN,  H.— The  genus  Scaphoideus.     <  Joum.  Cin.  Soc.  Nat.  Hist., 

XIX,  pp.  187-209,  pis.  2,  1900. 
Ball,  E.  D. — The  genus  Eutettix.     <Proc.  Davenport  Acad.  Sci., 

XII,  pp.  27-94,  pis.  4,  1907. 
The  genus  Cochlorhinus  XJhler  and  its  allies.     <Can.  Ent., 

1902,  p.  53. 
OsBORN,  H.,  and  Ball,  E.  D. — A  review  of  the  North  American 

species  of  Athysanus.     <Ohio  Nat.,  ii,  pp.  231-257,  pis.  2,  1902. 

TETTIGONIID-S: . 

SiGNORET,  V. — Revue  iconographique  des  Tettigonides.     <Ann.  Soc. 

Ent.  France,  185^1855,  with  colored  plates. 
Spanberg,  J. — Species  Gyponee  generis  Homopterorum.     <Bihang 

Svensk.  Vet.-Akad.  Handl.,  1878,  pp.  75. 


Digitized  by  VjOOQ IC 


86  WOBKS  ON   NORTH  AMERICAN   ENTOMOLOGY. 

Ball,  E.  D. — A  review  of  the  Tettigonidae  of  North  America,  north 
of  Mexico.     <Proc.  Iowa  Acad.  Sci.,  viii,  pp.  35-75,  pis.  7, 1901. 

CEROOPID-ff:. 

GrODiNG,  F.  W. — Synopsis  of  the  subfamilies  and  genera  of  the  North 
American  Cercopidse,  with  a  bibliographical  catalogue  of  the 
described  species.  <Bul.  111.  State  Lab.  Nat.  Hist.,  m,  pp. 
483-501,  1895. 

Ball,  E.  D. — A  study  of  the  genus  Clastoptera.  <Proc.  Iowa  Acad. 
Sci.,  m,  pp.  182-193,  pis.  4,  1896. 

A  review  of  the  Cercopidse  of  North  America,  north  of  Mex- 
ico.    <Proc.  Iowa  Acad.  Sci.,  vi,  pp.  204-226, 1900. 

FULGORIDiE. 

Westwood,  J.  O. — On  the  family  Fulgoridoe,  with  a  monograph  of 
the  genus  Fulgora  of  Linnaeus.  < Trans.  Linn.  Soc.  Lond.,  xvin, 
pp.  133-238,  pi.  1,  1839. 

Stal,  C. — Die  amerikanischen  Fulgoriden-Gattiingen  synoptisch  be- 
schrieben.    <Stett.  ent.  Zeit.,  xxxi,  pp.  255-258,  1870. 

AsHMEAD,  W.  H. — A  generic  synopsis  of  the  Fulgoridae.  <Ent. 
Amer.,  1888,  pp.  1-6,  21-28. 

Van  Duzee,  E.  P. — A  preliminary  review  of  the  North  American 
DelphacidfP.     <Bul.  Buffalo  Soc.  Nat.  Sci.,  v,  pp.  225-261, 1897. 

Observations  on  some  northern  Derbidee.     <Can.  Ent,  1889, 

pp.  159,  176. 

Uhler,  p.  R. — Aids  to  a  recognition  of  some  North  American  genera 
and  species  of  the  old  family  Fulgoridse.     <  Trans.  Maryland 
Acad.  Sci.,  1900,  pp.  401-408. 
Treats  of  the  species  of  Scolops. 

SwEZEY,  O. — A  preliminary  catalogue  of  the  described  species  of  the 
family  Fulgoridse  of  North  America,  north  of  Mexico.  <Bul. 
3,  Ohio  Nursery  and  Orchard  Inspection,  pp.  48,  1904. 

Van  Duzee,  E.  P. — Studies  in  North  American  Fulgoridse.     <Proc. 
Acad.  Nat.  Sci.  Phila.,  1907  (1908),  pp.  467-498. 
Tables  to  species  of  several  genera. 

Melichar,  L. — ^Monographie   der   Issiden.      <Abh.   zool.-bot.   Ges. 

Wien,  1906,  pp.  327. 
Monographic  der  Acanaloniiden  und  Flatiden.     <Ann.  Hof- 

mus.  Wien.,  xvi,  pp.  178-238,  1901 ;  ibid.,  xvii,  pp.  1-253,  pis.  9, 

1902. 
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MEMBRACID^. 

StIl,  C. — Bidrag  till  Membracidernas  Kannedom.  <Ofvers.  K. 
Vet.-Akad.  Forh.,  1869,  pp.  231-300. 

GoDiNG,  F.  W. — Bibliographical  and  synonymical  catalogue  of  the 

described  Membracidae  of  North  America.     <Bul.  111.  St.  Lab. 

Nat.  Hist.,  Ill,  pp.  391-482,  1894. 
A  synopsis  of  the  subfamilies  and  genera  of  the  Membracidae 

of  North  America.    <Trans.  Amer.  Ent.  Soc,  xix,  pp.  253-260, 

1892. 

Van  Duzee,  E.  P. — Studies  in  North  American  Membracidae.    <Bul. 
Buffalo  Soc.  Nat.  Sci.,  ix,  pp.  29-129,  1908. 
Tables  to  genera  and  most  of  species. 

PSYLLmJE. 

Low,  F. — ^Zur  Systematik  der  Psylloden.  <  Verh.  k.  k.  zool.-bot.  Ges. 
Wien,  1878,  pp.  585-610. 

Characteristics  and  tables  of  the  European  subfamilies  and  jrenera. 
Supersedes  all  previous  classiflcatlons. 

AsHMEAD,  W.  H. — On  the  Aphididse  of  Florida,  with  descriptions  of 
new  species.  Family  Psyllidee.  <Can.  Ent.,  xiii,  pp.  220-225, 
1881. 

Gives  a  list  of  the  North  American  species,  with  descriptions  of  several 
new  ones. 

Rn^T,  C.  V. — Notes  on  North  American  Psyllidse.  <Proc.  Biol. 
Soc.  Wash.,  II,  pp.  67-79,  1884. 

A  list  of  the  North  American  Psyllidffi  and  descriptions  of  new  genera 
and  species. 

Mally,  C.  W. — ^Psyllidae  found  at  Ames.  <Proc.  Iowa  Acad.  Sci., 
n,  pp.  152-171,  pis.  3,  1894. 

A  list  of  the  described  species,  with  a  few  additions. 

APHIDIDiE. 

Walsh,  B.  D. — On  the  genera  of  Aphidae  found  in  the  United  States. 

<Proc.  Ent.  Soc.  Phila.,  i,  pp.  294-310,  1861-1863. 
Thomas,  C. — Notes  on  the  plant-lice  found  in  the  United  States. 
<Trans.  111.  Hort.  Soc,  1877,  pp.  137-212. 

A  review  of  the  family,  including  the  Psyllidae ;  reproduces  the  descrip- 
tions of  earlier  authors,  and  adds  descriptions  of  new  species. 

A  list  of  the  species  of  the  tribe  Aphidini,  family  Aphidse, 

found  in  the  United  States,  which  have  been  heretofore  named, 
with  descriptions  of  some  new  species.  <Bul.  2,  111.  State  Lab. 
Nat.  Hist,  1878,  pp.  3-16. 
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Riley,  C.  V.,  and  Monell,  J. — ^Notes  on  the  Aphididae  of  the  United 
States,  with  descriptions  of  species  occurring  west  of  the  Missis- 
sippi. <Bul.  U.  S.  Geol.  and  Geog.  Surv.,  v,  pp.  1-32,  pis.  2, 
1879. 

Riley  gives  the  biology  and  description  of  several  Pemphiglnffi ;  Monell, 
descriptions,  with  occasional  tables,  of  a  number  of  Aphldinse. 

Thomas,  C. — Eighth  Report  of  the  State  Entomologist  on  the  nox- 
ious and  beneficial  insects  of  the  State  of  Illinois.  <3d  Ann.- 
Rep.,  by  Cyrus  Thomas,  Springfield,  1879. 

The  report  treats  wholly  on  the  Aphldidse  of  the  United  States  and  is 
an  enlargement  of  the  author's  paper  in  the  Transactions  of  the 
Illinois  Horticultural  Society,  1877. 

BucKTON,  G.  B. — ^Monograph  of  the  British  Aphides.  4  vols.  Lon- 
don, Ray  Society,  1875-1883. 

This  is  the  latest  European  worlc  on  this  family,  containing  tables  for 
the  determination  of  the  genera. 

Oestlund,  O.  W. — Synopsis  of  the  Aphididae  of  Minnesota.  <Bul. 
4,  Geol.  and  Nat.  Hist.  Surv.  Minn.,  St.  Paul,  1887. 

AsHMEAD,  W.  H. — A  generic  synopsis  of  the  Aphididae.  <Ent, 
Amer.,  1889,  pp.  185-189. 

Williams,  T.  A. — Host-plant  list  of  North  American  Aphididae. 
<Spec.  Bui.  1,  Univ.  Nebr.,  Dept.  Ent.,  1891. 

LicHTENSTEiN,  J. — Lcs  Pucerons,  premifere  partie.  Genera  (all  pub- 
lished).   Paris,  1885,  pp.  185. 

Hunter,  W.  D. — The  Aphididae  of  North  America.  <Bul.  60,  Iowa 
Agr.  Exp.  Sta.,  pp.  138,  1901. 

Sanborn,  C.  E. — Kansas  Aphididae,  with  catalogue  of  North  Amer- 
ican Aphididae  and  host-plant  and  plant-host  list.  <Kans. 
Univ.  Sci.  Bui.,  iii,  pp.  3-82,  225-274,  pis.  22,  1905,  1906. 

Pergande,  Theo. — North  American  Phylloxerinae  affecting  Hicoria 
(Carya)  and  other  trees.  <Proc.  Davenport  Acad.  Sci.,  ix,  pp. 
185-273,  pis.  21,  1904. 

Jackson,  C.  F. — A  synopsis  of  the  genus  Pemphigus,  with  notes  on 
their  economic  importance,  life  history,  and  geographical  dis- 
tribution. <Proc.  Columbus  Hort.  Soc.,  1907,  pp.  160^218, 
1908. 

Table  of  genera  of  Aphidid».  * 

ALEYRODIDiE. 

QuAiNTANCE,  A.  L. — Contributions  toward  a  monograph  of  the  Amer- 
ican Aleurodidae.  <Tech.  Ser.  8,  Div.  Ent.,  U.  S.  Dept.  Agr., 
pp.  1-64,  1900. 

Fam.  Aleyrodidae.    <Gen.  Ins.,  Fasc.  87,  pp.  11,  pis.  2,  1909. 
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Bemis,  F.  E. — The  Aleyrodids  or  mealy-winged  flies  of  California, 
with  references  to  other  American  species.  <Proc.  U.  S.  Nat. 
Mus.,  XXVII,  pp.  471-537, 1904. 

<x>ccrojE. 

SioNORET,  V. — Essai  sur  les  cochenilles.     <Ann.  Soc.  Ent.  France, 

1868-1876. 
CoMSTOCK,  J.  H. — Report   on  scale  insects.     <Ann.   Rep.   Comm. 

Agr.,  1880,  Washington,  1881,  pp.  276-^49,  pis.  iii-xxii. 
Second  report  on  scale  insects,  including  a  monograph  of  the 

subfamily  Diaspinse  of  the  family  Coccidse  and  a  list,  with  notes, 

of  the  other  species  of  scale  insects  found  in  North  America. 

<2d  Rep.  Cornell  Univ.  Exp.  Sta.,  1882-1883,  Ithaca,  N.  Y., 

1883,  pp.  47-143,  pis.  i-iv. 
Abhmead,  W.  H. — A  generic  synopsis  of  the  Cocci dse.     <  Trans. 

Amer.  Ent.  Soc.,  xviii,  pp.  92-102, 1891. 
CocKERELL,  T.  D.  A. — Tables  for  the  determination  of  the  genera  of 

Coccidse.     <Can.  Ent.,  1899,  pp.  273-279,  330-333. 
A  check-list  of  the  Coccidse.    <Bul.  111.  State  Lab.  Nat.  Hist., 

IV,  pp.  318-339,  1896. 
First  supplement  to  the  check-list  of.  the  Coccidse.     <Bul.  HI. 

State  Lab.  Nat.  Hist.,  v,  pp.  389-398,  1899. 
•A  check-list  of  the  Nearctic  Coccidae.     <Can.  Ent.,  1894,  pp. 


31-^6. 
Fernald,  M.  E. — ^A  catalogue  of  the  Coccidse  of  the  world.     <Spec* 

Bui.  88,  Mass.  Agr.  Exp.  Sta.,  pp.  360,  1903. 
Sanders,  J.  G. — Catalogue  of  recently  described  Coccidae.    Tech. 

ser.  12,  Pt.  I,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1906,  pp.  1-18;  II, 

Tech.  ser.  16,  Pt.  in.  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1909,  pp.  i-ii 

+33-60. 

Additions  since  the  Fernald  catalogue. 

CooLEY,  R.  A.: — ^The  Coccid  genera  Chionaspis  and  Hemichioaaspis. 

<Spec.  Bui.  Mass.  Agr.  Exp.  Sta.,  August,  1899,  pp.  58,  pis.  9. 
Kjno,  G.  B. — ^The  genus  Kermes  in  North  America.     <  Psyche,  ix, 

pp.  78-84,  1900. 
CocKERELL,  T.  D.  A. — Table  of  North  American  Kermes,  based  on 

external  characters.     < Psyche,  ix,  pp.  44-45,  1900. 

Newell,  W. — On  the  North  American  species  of  the  subgenera 
Diaspidiotus  and  Hemiberlesia,  of  the  genus  Aspidiotus.  <Con- 
trib.  Dept.  Zool.  Ent.,  Iowa  State  Coll.  Agr.  and  Mech.  Arts, 
No.  3,  August,  1899. 

Marlatt,  C.  L. — The  genus  Pseudaonidia.  <Proc.  Ent.  Soc.  Wash., 
IX,  pp.  131-141,  pi.  1, 1908. 
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CocKEREiiL,  T.  D.  A. — The  coccid  genus  Euleeaniura.     <Can.  Ent., 

1906,  pp.  83-88. 
Sanders,  J.  G. — Coccidee  of  Ohio,  I.     <Proc.  Ohio  State  Acad.  Sci., 

IV,  Pt.  II,  pp.  27-80,  pis.  9,  1904. 
Carnes,  E.  K. — ^The  Coccidse  of  California.     <  Second  Bien.  Rep. 

Comm.  Hort.  Cal.  f.  1905-1906  (1907),  pp.  155-222,  figs.  34. 

THTSANOPTEKA. 
THRIPIDJE. 

Hauday,  a.  H. — An  epitome  of  the  British  genera  in  the  order 

Thysanoptera,  with  indications  of  a  few  of  the  species.     <Ent. 

Mag.,  m,  pp.  439-451, 1836. 
Hinds,  W. — Contribution  to  a  monograph  of  the  insects  of  the  order 

Thysanoptera  inhabiting  North  America.     <Proc.  U.  S.  Nat. 

Mus.,  XXVI,  pp.  79-242,  pis.  11,  1902. 
MouLTON,  D. — A  contribution  to  our  knowledge  of  the  Thysanoptera 

of  California.     <Tech.  Ser.  12,  Pt.  iii.  Bur.  Ent.,  U.  S.  Dept. 

Agr.,  pp.  35-68,  pis.  6, 1907. 
Beach,  A.  M. — Contributions  to  a  knowledge  of  the  Thripidse  of 

Iowa.     <Proc.  Iowa  Acad.  Sci.,  iii,  pp.  214-227,  1896. 
Tables  for  genera  and  species. 
Uzel,  H. — Monographic  der  Ordnung  Thysanoptera.    Koniggratz, 

1895,  pp.  472,  pis.  10. 

ANOPLXIBA. 
PBDICULIDiE. 

Denny,  H. — Monographia  Anoplurorum  Britanniae,  or  an  essay  on 
the  British  species  of  parasitic  insects.    London,  1842,  pis.  26. 

GiEBEL,  C.  G.  A. — Insecta  epizoa.  Die  auf  Saugethieren  und  Vogeln 
schmarotzenden  Insekten.  Nach  Zeichnungen  von  C.  L.  Nitzsch. 
Leipzig,  1874,  pis.  20. 

PiAGET,  E. — Les  Pediculines.  Description  de  toutes  les  especes  obser- 
vees,  enrichie  d'especes  nouvelles.  Leyden,  1880,  pis.  56;  Sup- 
plement, 1885,  pis.  17.  * 

VON  Dalla  Torre,  K.  W. — Anoplura.  Gen.  Ins.,  Fasc  81,  pp.  22, 
pi.  1,  1909. 

OBTHOPTEKA. 

L-^CATALOOUES, 

ScuDDER,  S.  H. — Catalogue  of  the  described  Orthoptera  of  the  United 
States  and  Canada.  <Proc.  Davenport  Acad.  Nat.  Sci.,  vm, 
1900. 
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Kjkby,  W.  F. — A  synonymic  catalogue  of  Orthoptera.  <Brit.  Mus. 
Pub.,  I.  Euplexoptera,  Cursoria  et  Gressoria,  pp.  501,  1904; 
II,  Pt.  I,  Gryllidse  and  Locustidse,  pp.  562,  1906. 
ScuDDER,  S.  H. — A  catalogue  of  the  Orthoptera  of  North  America 
described  previous  to  1867.  <  Smithsonian  Institution,  Miscel- 
laneous Collections  189,  1868. 

An  alphabetical,  not  synonymlcal,  list  of  the  Orthoptera  described  from 
North  America ;  contains  also  a  full  bibliography  up  to  1867. 

II,— LOCAL  LISTS, 

Smith,  J.  S. — Orthoptera  of  the  State  of  Maine.  <Proc.  Portland 
Soc.  Nat.  Hist.,  1868,  pp.  143-151. 

A  synonymical  catalogue  of  the  Orthoptera  found  in  Maine,  with  notes 
on  habits  and  distribution  of  the  speciea 

Fernald,  C.  H. — The  Orthoptera  of  New  England.  <Ann.  Rep. 
Mass.  Agr.  Col.,  1888,  pp.  61. 

BEUTENMiJLLER,  W. — Dcscriptivc  catalogue  of  the  Orthoptera  found 
within  fifty  miles  of  New  York  City.  <Bul.  Amer.  Mus.  Nat. 
Hist.,  VI,  pp.  25a-316,  1894. 

ScuDDER,  S.  H. — A  list  of  Orthoptera  of  New  England.  <  Psyche, 
IX,  pp.  99-106,  1900. 

Blatchley,  W.  S.— The  Orthoptera  of  Indiana.  <27th  Ann.  Rep. 
Dept.  Geol.  &  Nat.  Res.  Indiana  f.  1902,  pp.  123-471,  1903. 

Hart,  C.  A. — Descriptive  synopsis  of  the  insect  collections,  II.  Or- 
thoptera.    <I11.  State  Lab.  Nat.  Hist.,  1906,  pp.  67-92. 

Lugger,  O. — The  Orthoptera  of  Minnesota.  <3d  Ann.  Rep.  Ent. 
Minn.  f.  1897,  pp.  285,  figs.  187,  1898. 

GnxETTE,  C.  p. — An  annotated  list  of  Colorado  Orthoptera.     <Bul. 

94,  Colo.  Agr.  Exp.  Sta.,  pp.  17-36,  1904. 
ScuDDER,  S.  H.,  &  CocKERELL,  T.  D.  A. — A  first  list  of  the  Orthoptera 

of  New  Mexico.     <Proc.  Davenport  Acad.  Sci.,  ix,  pp.  1-62, 

1902. 

WooDwoRTH,  C.  W. — Grasshoppers  in  California.  <Bul.  142,  Cal. 
Agr.  Exp.  Sta.,  pp.  1-36, 1902. 

Ill,— GENERAL  WORKS  ON  CLASSIFICATION. 

ScuDDER,  S.  H. — Guide  to  the  genera  and  classification  of  the  North 
American  Orthoptera.    Cambridge,  Mass.,  1897. 

Contains  a  bibliography.  ^ 

Brtjnner  von  Wattenwyl,  C. — Revision  du  systeme  des  Orthopteres, 
et  description  des  especes  rapportees  par  M.  Leonardo  Fea  de 
Birmamie.  <Ann.  Mus.  civ.  Stor.  nat.  Genova,  xiii,  pp.  1-230, 
1893. 
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Audinet-Serville,  J.  G. — Histoire  naturelle  des  Insectes  Orthop- 
teres.    Paris,  1839,  pp.  776,  pis.  14. 

Natural  history  of  the  order  up  to  date,  with  bibliography  and  list  of 
species  described. 

ScuDDER,  S.  H. — Materials  for  a  monograph  of  the  North  Ameri- 
can Orthoptera.  <Bost.  Joum.  Nat.  Hist,  vii,  pp.  409^80, 
1862. 

Contains  synoptical  tables  and  a  review  of  the  system  used  for  classi- 
fication. 

JV.— SYNOPSES  AND   MONOORAPH8, 
FORFICULmiE. 

DoHRN,  H. — Versuch  einer  Monographic  der  Dermapteren.  <Stett. 
ent.  Zeit.,  xxiv-xxvi,  1863-1865. 

A  monograph  of  the  Forficulidse  of  the  whole  world. 

ScuDDER,  S.  H. — Synoptical  tables  for  determinmg  North  Ameri- 
can insects.  Orthoptera.  U.  S.  Forficiilarise.  <  Psyche,  i, 
pp.  177-178,  1876. 

Brief  synopsis  of  North  American  earwigs,  with  an  appendix 

on  the  fossil  species.     <Bul.  U.  S.  Geol.  and  Geog.  Surv.,  u, 
pp.  249-260,  1876. 

Critical  and  historical  notes  on  Forficularise,  including  de- 


scriptions of  new  generic  forms  and  an  alphabetical  synonymic  list 

of  the  described  species.     <Proc.  Bost.  Soc.  Nat.  Hist.,  xvm, 

pp.  287-332,  1876. 
KiRBY,  W.  F. — A  revision  of  the  Forficulidae,  with  descriptions  of 

new  species  in  the  British  Museum.    <  Joum.  Linn.  Soc.  Lond., 

ZooL,  xxm,  pp.  502-531,  1890. 
DB  BoRMANS,  A.,  and  Krauss,  H. — Forficulidae  und  Hemimeridae. 

<Das  Tierreich,  11  Lief.,  pp.  142,  figs.  41, 1900. 

BLATTro^. 

Brunner  von   Wattenwyl,  C. — Nouveau  systfeme   des  Blattaires. 
Vienna,  1865,  pp.  426,  pis.  13. 

Synoptical  arrangement  of  all  described  species,  with  descriptions  of 
many  new  ones ;  also  bibliography  on  the  family. 

de     Saussure,    H. — Melahges    Orthopterologiques.      6    fascicules. 

Geneva,  1863-1878. 

Fascicule  II  contains  the  Blattidce. 
Blatchley,  W.  S. — The  Locust idse  and  Blattidae  of  Indiana.    <Proc. 

Ind.  Acad.  Sci.,  1892,  pp.  92-163. 
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Skelford,  R. — Fam.  Blattidse.     <Gen.  Ins.,  Fasc.  65,  pp.  13,  pi.  1, 

1907. 
Rehn,  J.  A.  G. — A  revision  of  the  Orthopterous  genus  Homoeogamia. 

<Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  177-192. 

PHASMIDwS. 

ScuDDER,  S.  H. — Summary  of  the  United  States  Phasmidse.  <Can. 
Ent,  1895,  pp.  29-30. 

The  species  of  Diapheromera  (Phasmidse)  found  in  the  United 

States  and  Canada.     <Psyche,  ix,  pp.  187-189,  1901. 

Caudell,  a.  N. — ^The  Phasmidse,  or  walking  sticks,  of  the  United 
States.     <Proc.  U.  S.  Nat.  Mus.,  xxvi,  pp.  8G3-885,  pis.  4,  1903. 

Brunner  von  Wattenwyl,  K.  and.REDTENBACHER,  J. — Monographic 
der  Phasmiden.     Wien,  folio,  pp.  589  (3  parts),  1907-1908. 

MANTIDiE. 

ScuDDER,  S.  H. — Index  to  the  Mantidae  of  North  America,  north  of 

Mexico.    <Can.  Ent,  1896,  pp.  207r-215. 
DE  Saussure,  H. — Essai  d'un  systeme  des  Mantides.     <Mittheil.  d. 
schweiz.  ent.  Ges.,  iii,  pp.  49-73,  1869. 

Classiflcatlou  of  the  Mantidse.    Part  2  contains  descriptions  of  North 
American  species. 

Mantides  am^ricains.    <M^m.  Hist.  Nat.  Mex.,  ii,  1.    Geneva, 

1871,.  pp.  186,  pis.  2. 

A  synopsis  of  the  North  American  species. 
Westwood,  J.  O. — Revisio  insectorum  familias  Mantidarum,  speciebus 

novis  aut  minus  cognitis  descriptis  et  delineatis.    London,  1889. 

GRYLLID^. 

ScuDDER,  S.  H. — Revision  of  the  large,  stylated,  fossorial  crickets. 
<Mem.  Peabody  Acad.  Sci.,  i.  No.  1,  1869. 

Description  of  the  species  of  Scapteriscua  and  (Jryllotalpn. 
DE  Saussure,  H. — Melanges  Orthopterologiques.     Gryllides.     Two 
parts.    Geneva,  1877-1878. 

A  monograph  of  the  family,  containing  synoi)tical  tables  of  the  genera 
and  species. 
Hart,  C.  A. — On  the  species  of  CEcanthus.     <Ent.  News,  1892,  pp. 

33-34. 
ScuDDER,  S.  H. — The  species  of  Nemobius  found  in  North  America. 
<  Psyche,  vii,  pp.  431-434,  1890. 

The  species  of  Myrmecophila  in  the  United  States.    < Psyche, 

VIII,  pp.  423-428,  1899. 
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ScuDDER,  S.  H. — ^The  species  of  Gryllus  found  in  the  United  States 
east  of  the  Sierra  Nevadas.     <  Psyche,  ix,  pp.  291-296,  1902. 

The  species  of  Gryllus  on  the  Pacific  coast.    <  Psyche,  ix,  pp. 

267-270,  1901. 

Miogryllus  and  its  species  in  the  United  States.    < Psyche,  ix, 


pp.  256-258,  1901. 
Caudeli>,    a.    N. — ^A    new    Cyrtoxipha    from    the    United    States. 
<  Journ.  N.  Y.  Ent.  Soc.,  1907,  pp.  237-238. 
Table  of  species. 

ScuDDER,  S.  H. — On  the  United  States  Orthoptera  which  have  oeen 
referred  to  the  genus  Tridactylus.  <  Psyche,  ix,  pp.  308-310, 
1902. 

Blatchley,  W.  S. — ^The  Gryllidse  of  Indiana.  <Proc.  Ind.  Acad. 
ScL,  1891,  pp.  126-144. 

LOCUBTTO-aE. 

Stal,  C. — Recensio  Orthopterorum.  Revue  critique  des  Orthoptferes 
decrits  par  Linne,  De  Geer  et  Thunberg.  (Part  2.)  Stockholm, 
1874,  pp.  121. 

Contains  synoptical  tables  of  the  geniera. 

Brunner  von  Wattenwyl,  K. — Monographic  der  Phaneropteriden. 

Wien,  1878,  pp.  402,  pis.  8. 
Monographic  der  Pseudophylliden.     <Verh.  k.  k.  zool.-bot. 

Ges.  Wien,  1895,  pp.  282. 
Redtenbacher,    J. — Monographic    der    Conocephaliden.      <Verh. 

k.  k.  zool.-bot.  Ges.  Wien,  1891,  pp.  315-562. 
ScuDDER,  S.  H. — The  North  American  Ceuthophili.     <Proc.  Amer. 

Acad.  Arts  and  Sci.,  xxx,  pp.  17-113,  1894. 
The  Orthopteran  group   Scudderise.     <Proc.   Amer.   Acad. 

Arts  and  Sci.,  xxxiii,  pp.  271-290, 1898. 
A   preliminary   review   of  the  North   American  ^Decticidse. 

<Can.  Ent.,  1894,  pp.  177-184. 
■  The  described  species  of  Xiphidium  in  the  United  States  and 


Canada.     <Can.  Ent.,  1898,  pp.  183-184. 
McNeill,  J.— Orchelimum  Serv.     <Can.  Ent.,  1900,  pp.  77-83. 
ScuDDER,  S.  H. — The  Stenopelmatinse  of  the  Pacific  Coast.     <Can. 

Ent.,  1899,  pp.  113-121. 
Blatchley,    W.    S. — The    Locustidse    and    Blattidse    of    Indiana. 

<Proc.  Ind.  Acad.  Sci.,  1892,  pp.  92-163. 
Caudell,  a.  N. — The  Decticidean  genus  Eremopedes.     <Can.  Ent., 

1902,  pp.  98-101. 
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Catjdell,  a.  N. — ^The  Cyrtophylli  of  the  United  States.     <Joum. 
N.  Y.  Ent.  Soc,  1906,  pp.  32-45,  pi.  1. 

The  Decticinae  (a  group  of  Orthoptera)  of  North  America, 

<Proc.  U.  S.  Nat.  Mus.,  xxxn,  pp.  285-410,  figs.  94,  1907. 
Fam.  DecticidfiB.     <Gen.  Ins.,  Fasc.  72,  pp.  43,  pis.  2,  1908. 


ACRIDIID^. 

Stal,  C. — ^Recensio  Orthopterorum.  Revue  critique  des  Orthopteres 
decrits  par  Linn^,  De  Geer  et  Thunberg.  Part  1.  Acrididee. 
Stockhobn,  1873,  pp.  154. 

A  synoptical  arrangement  of  the  genera  of  the  family,  with  descrip- 
tions of  new  genera  and  species. 

Thomas,  C. — Synopsis  of  North  American  Acrididee.  <Rep.  U.  S. 
Geol.  Surv.,  v,  Part  1,  1873. 

A  systematical  arrangement  of  the  described  species  of  North  American 
locusts;  Part  1.  Species  of  the  United  States;  Part  2.  Species 
from  other  parts  of  North  America. 

ScuDDER,  S.  H. — Spharagemon,  a  genus  of  CEdipodidse;  with  a  re- 
vision of  the  species.  <Proc.  Boston  Soc.  Nat.  Hist.,  xvii,  pp. 
467-471,  1875.  Separate,  under  the  title:  Entomological  Notes, 
IV,  pp.  66-70. 

A  revision  of  two  American  genera  of  CEdipodidse.     <Proc. 

Boston  Soc.  Nat.  Hist.,  xvii,  pp.  478-485,  1875.    Separate,  under 
the  title :  Entomological  Notes,  iv,  pp.  77-84. 

A  synopsis  of  the  genera  Encoptolophus  and  Tragocephala. 

Thomas,  C. — Manual  of  economic  entomology.  Part  III.  The  Acri- 
didae  of  Illinois.     <9th  Rep.  St.  Ent.  111.,  1880,  pp.  73-140. 

Bruner,  L. — ^North  American  Acridida*,  north  of  Mexico.  <3d 
Rep.  U.  S.  Ent.  Comm.,  1883,  pp.  55-61. 

A  systematic  list  of  the  species  described  from  North  America. 

DB  Saussure,  H. — Prodromus  (Edipodiorum  insectorum  ex  ordine 
Orthopterorum.  <M^m.  Soc.  Phys.  Hist.  Nat.,  Geneva,  1884, 
pp.  254. 

A  synoptical  monograph  of  the  subfamily  CEdipodinse  of  all  countriea 

Stai^  C. — Systema  Acrideorum.  <Bihang  Svensk.  Vet.  Akad. 
Handl.,  1878,  pp.  100. 

ScuDDER,  S.  H. — ^Revision  of  the  Orthopteran  group  Melanopli 
(Acridiidse),  with  special  reference  to  North  American  forms. 
<Proc.  U.  S.  Nat.  Mus.,  xx,  pp.  1^21, 1897. 

The  Orthopteran  genus  Hippiscus.  <  Psyche,  vi,  1892.  [Con- 
tinued in  several  numbers.] 

The  North  American  species  of  Orphulella.     <Can.  Ent, 


1899,  pp.  177-188. 
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ScuDDER,  S.  H. — The  species  of  the  Orthopteran  genus  Derotmema. 
<Proc.  Amer.  Acad.  Arts  and  Sci.,  xxxv,  pp.  387-395,  1900. 

Some  genera  of  CEdipodidse  rescued   from  the  Tryxalidae. 

<  Psyche,  v,  pp.  431^42,  1890. 

Supplement  to  a  revision  of  the  Melanopli.     <Proc.  Daven- 
port Acad.  Nat.  Sci.,  vii,  pp.  157-205,  pis.  3,  1899. 
■The  Orthopteran  genus  Schist ocerca.     <Proc.  Amer.  Acad. 


Arts  and  Sci.,  xxxiv,  pp.  441-476,  1899. 
Morse,  A.  P. — Revision  of  the  species  of  Spharagemon.     <  Psyche, 

•     VII,  pp.  287-299,  1895. 
McNeill,  J. — Revision  of  the  Truxalinae  of  North  America.    <Proc. 

Davenport  Acad.  Nat.  Sci.,  vi,  pp.  179-274,  1897. 
The  Orthopteran  genus  Trimerotropis.    < Psyche,  ix,  pp.  27- 

36, 1900. 
Morse,  A.  P. — ^Notes  on  the  Acrididae  of  New  England.     <  Psyche, 

I,  pp.  147-167,  1894;  ii,  pp.  323-327,  342-344,  382-384,  402^03, 

407-411,  419-422,  443-445,  1896;  in,  pp.  6-8,  35-37,  50-51,  64-66, 

80-82,  87-89,  111-114,  1897;  iv,  pp.  247-248,  255-260,  269-273, 

279-282,  292-296,  1898. 
ScuDDER,  S.  Hw — The  species  of  Hadrotettix,  a  genus  of  CEdipodinse. 

<  Psyche,  ix,  pp.  67-69, 1900. 
Bolivar,   I. — Essai   sur  les  Acridiens  de  la  tribu   des  Tettigidae. 

<Ann.  Soc.  Ent.  Belg.,  1887,  pp.  175-313. 

Hancock,  J.  L. — ^The  species  of  the  new  genus  Neotettix,  with  a  key 
to  the  genera  of  North  American  Tettigise.  <Ent.  News,  1898, 
pp.  137-141. 

Synopsis  of  subfamilies  and  genera  of  North  American  Tet- 
tigidae.   <  Psyche,  ix,  pp.  ^7,  1900. 

Bolivar,  I. — Fam.  Acridiidae,  sub  fam.  Pyrgomorphinae.  <(jen. 
Ins.,  Fasc.  90,  pp.  58,  pi.  1,  1909. 

Caudell,  a.  N. — On  a  collection  of  Orthoptera  from  southern  Ari- 
zona, with  descriptions  of  new  species.  <Proc.  U.  S.  Nat.  Mus., 
xxviii,  pp.  461-477,  1905. 

Tables  of  Tomonotus  and  Litaneutrla. 

Hancock,  J.  L. — Subfamily  Tettiginse  (Acridiidae).  <Gen.  Ins., 
Fasc.  48,  pp.  77,  pis.  4,  1906. 

The  Tettigidae  of  North  America.     Chicago,  1902,  pp.  188, 

pis.  11. 

McNeill,  J. — Revision  of  the  Orthopteran  genus  Trimerotropis. 
<Proc.  U.  S.  Nat.  Mus.,  xxni,  pp.  393-449, 1901. 

ScuDDER,  S.  H. — The  clear-winged  species  of  the  O^dipodine  gentis 
Mestobregma.     <  Psyche,  ix,  pp.  90-93,  1900. 
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ScuDDER,  S.  H. — A  preliminary  revision  of  the  Tryxalina?  cf  the 
United  States  and  Canada.     <  Psyche,  viii,  pp.  231-239,  1898. 

The  species  of  the  CEdipodine  genus  Heliastus  Sauss.,  occur- 
ring in  the  United  States.     <Psyche,  ix,  pp.  4r)-47,  1900. 

The  species  of  Circotettix,  a  North  American  genus  of  CEdipo- 

dinae.     <  Psyche,  ix,  pp.  135-141,  1900. 

NEUBOPTEBA  (INCLXTDINQ  PSEUDONEUBOPTEBA). 
I.—CATALOOUES. 

Banks,  N. — A  synopsis,  catalogue,  and  bibliography  of  the  Neurop- 
teroid  insects  of  temperate  North  America.  <Trans.  Amer.  Ent. 
Soc,  XIX,  pp.  328-373,  1892. 

Catalogue  of  the  Neuropteroid  insects  (except  Odonata)  of 

the  United  States.  American  Entomological  Society,  Philadel- 
phia, 1907,  pp.  53. 

II.— GENERAL  WORKS  ON  CLASSIFICATION. 

BuRMEiSTER,  H. — Handbuch  der  Entomologie.     Berlin,  1832-1835. 

The  Neuroptera  are  treated  In  Vol.  TI,  Part  I. 
Rambur,  p. — ^Histoire  naturelle  des  Nevropteres.     Suites  a  Buffon. 

Paris,  1842. 
Haoen,  H. — Synopsis  of  the  Neuroptera  of  North  America,  with  a 
list  of  the  South  American  species.  Prepared  for  the  Smith- 
sonian Institution.  <  Smith.  Misc.  Coll.,  Washington,  1861. 
Brauer,  Fr. — Verzeichniss  der  bis  jetzt  bekannten  Neuropteren  im 
Sinne  Linne's.  <  Verb.  k.  k.  zool.-bot.  Ges.  Wien,  1868,  pp.  359- 
410,  711-742. 

Contains  tables  to  aU  the  genera  known  at  date. 
Banks,  N. — New  genera  and  species  of  Nearctic  Neuropteroid  insects. 
<Trans.  Amer.  Ent.  Soc,  1899  (1900),  pp.  239-259. 

Generic  synopses  of  the  Perlidie  and  Epheiueridoe,  and  tables  of  Calli- 
bietis  and  Trlcenodes. 

Ill,— MONOGRAPHS  AND   SYNOPSES. 

TERMITID.i:. 

Hagen,  H.  a. — Monographic  der  Termiten.     <Linna^a  ent.,  x,  xii, 

and  XIV,  1855-1860. 
Desneux,  J. — Fam.  Termitidse.     <(Ten.  Ins.,  Fasc.  25,  pp.  52,  pis.  2, 

1904. 

EMIUID-IC. 

Haoen,  H.  A. — Monograph  of  the  Embidina.     <Can.  Ent.,  xvii, 
pp.  141-155,  171-178,  190-199,  206-229,  1885. 
13567— Bull.  81—10 7 
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P80CID.E. 

Haoen,  II.  a. — Beitrag:e  zur  Monographie  der  Psociden.     <Stett. 
ent.  Z(Mt.,  XLiii  and  xliv,  1882-1888. 

PERLIIhi:. 

PiCTET,  F.  J. — Histoire  naturelle  generale  et  particuliere  des  insectes 

Nevropteres.      Premiere    monographie :    Famille    des    Perlides. 

Geneva,  1841-1842. 
Banks,  N. — Notes  on  Pteronarcys,  a  genus  of  Perlidte.     <Proc.  Ent. 

Soc.  Wash.,  VIII,  pp.  8-9,  1906. 
Notes  on  the  classification  of  the  Perlidse.     <Can.  Ent.,  1906, 

pp.  221-224. 
A  list  of  Perlidse  from  British  Cohmibia  and  Alberta.     <Can. 


Ent.,  1907,  pp.  82B-3H0. 
Table  of  genera. 

EPHEMERID.F.. 

PiCTET,  F.  J. — Histoire  naturelle  generale  et  particuliere  des  insectes 

Nevropteres.     Seconde  monographie:  Famille  des  Eph^raerines. 

Geneva,  1848-1845. 
Eaton,  A.  E. — A  monograph  on  the  Ephemeridae.    Part  1.     The 

nomenclature  of  the  Ephemeridse.     <Trans.  Ent.  Soc.  Lond., 

1871,  pp.  1-164,  pis.  6. 
A  Revisional  Monograph  of  Recent  Ephemeridae,  or  May  flies. 

<Trans.  Linn.  Soc.  Lond.,  188:^1886. 
Needham,  J.  G. — ^May  flies  and  midges  of  New  York.     <Bul.  86, 

N.  Y.  State  Mus.,  pp.  17-62,  1905. 
A  table  to  genera  of  May  flies. 

ODONATA. 

KiRBY,  W.  F. — A  synonymic  catalogue  of  Neuroptera  Odonata,  or 
dragon  flies.     London,  1890,  pp.  202. 

DE  Selys  Lonochamps,  E.,  et  Hagen,  H. — Monographie  des  Calop- 

terygines.     <Bul.  Acad.  Belg.,  Brussels,  1854. 
Monographie  des  Gomphines.     <Bul.  Acad.  Belg.,  Brussels, 

1858. 
DE   Selys  Lonochamps,  E. — Synopsis  des  Agrionines.     Six  parts. 

<Bul.  Acad.  Belg.,  Brussels,  1860-1878. 

SjTiopsis  des  Cordulines.     <Bul.  Acad.  Belg.,  Brussels,  1871. 

Hagen,  H.  A. — Synopsis  of  the  Odonata  of  America.     <Proc.  Bost. 

Soc.  Nat.  Hist.,  xviii,  pp.  20-06.  1875. 
Omitting  the  subfamily  Ajrlonlna. 
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DE   Selys  Longchamps,  E. — Synopsis  d'/Eschnines.     <Bul.   Acad. 

Belg.,  1883. 
Revision  du  Synopsis  des  Agrionines.     <Bul.  Acad.  Belg., 

1886. 
Hagen,H.  A. — Synopsis  of  theOdonat  genus  Leucorhinia.     <Trans. 

Amer.  Ent.  Soc.,  xvii,  pp.  229-236,  1890. 
Synopsis  of  the  Odonata  of  North  America.     <  Psyche,  v, 

1889-1890.     No.  1,  pp.  241-250,  Calopteryx ;  No.  2,  pp.  303-308, 

Anax. 
CALVTarr,  P.  P. — Catalogue  of  the  Odonata   (dragon  flies)   of  the 

vicinity  of  Philadelphia.     <Trans.  Amer.  Ent.  Soc.,  xx,  pp. 

152-272,  pis.  2,  1893. 
Kellicott,  D.  S. — ^The  Odonata  of  Ohio.     <Ohio  Acad.  Sci.,  Special 

Paper  No.  2,  1899,  pp.  114,  pis.  3. 
Williamson,  E.  B. — The  Dragon  flies  of  Indiana.     <  Indiana  Geol. 

Rep.  1899  (1900),  pp.  229-333,  pis.  7. 
Calvert,  P.  P. — Odonata.     <Biol.  Cent.- Amer.  Neuroptera,  i,  pp. 

17-420,  pis.  9,  1901-1908. 
Martin,  R. — Cordulines.     <  Collections  de  Selys,  Fasc.  xvii,  pp.  94, 

pis.  3,  1906. 
^^schnines.     <  Collections  de  Selys,  Fasc.  xviii,  pp.  84,  pis. 

2, 1908. 
Mlttkowski,   R.   a. — ^Review   of  the  dragon   flies   of   Wisconsin. 

<Bul.  Wise.  Nat.  Hist.  Soc.,  vi,  pp.  57-123,  pis.  2, 1908. 
Needham,  J.  G. — ^Aquatic  insects  of  the  Adirondacks.     <Bul.  47, 

N.  Y.  State  Mus.,  pp.  429-540,  pis.  10  and  17-25,  1901. 
Tables  of  adults  and  nymphs  in  the  Anisoptera. 
Aquatic  insects  in  New  York  State.     <Bul.  68,  N.  Y.  State 

Mus.,  pp.  218-279,  pis.  5  and  11-19,  1903. 
Tables  of  adults  and  nymphs  in  the  Zygoptera. 
Walker,  E.  M. — A  key  to  the  North  American  species  of  ^schna, 

found  north  of  Mexico.     <Can.  Ent.,  1908,  pp.  377-391,  450-452. 
A  first  list  of  Ontario  Odonata.     <Can.  Ent,  1906,  pp.  105- 

110,  149-154. 

Williamson,  E.  B. — The  subgenus  Stylurus  Needh.     <Trans.  Amer. 

Ent.  Soc.,  xxvn,  pp.  205-216,  pis.  2,  1901. 
The  North  American  dragon  flies   (Odonata)   of  the  genus 

Macromia.     <Proc.  U.  S.  Nat.  Mus.,  xxxvii,  pp.  369-398,  pis.  2, 

figs.  7,  1909. 

SIALIDJE. 

Davis,  K.  C. — Sialididse  of  North  and  South  America.     <Bul.  68, 
N.  Y.  State  Mus.,  pp.  441-487,  pis.  2,  1903. 
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RAPHIDllD-K. 

Albarda,  H. — Revision  des  Raphidides.     <Tijd.  voor  Ent.,  1891, 
pp.  65-184. 

HEMEROBIIDiB. 

Hagen,  H.  a. — Hemerobidarum  synopsis  synonymica.     <Stett.  ent. 
Zeit.,  1866,  pp.  369-462. 

Monograph  of  the  Hemerobidae.     <Part  I,  Proc.  Bost.  Soc. 

Nat.  Hist.,  XXIII,  pp.  250-269,  1886;  Part  II,  1.  c,  pp.  276-292. 
Never  completed. 
Banks,  N. — Revision  of  the  Nearctic  Hemerobiidse.     <  Trans.  Amer. 

Ent.  Soc.,  XXXII,  pp.  21-51,  pis.  8,  1906. 

CHRYSOPIDiK. 

Schneider,  G.  Th. — Synibola  ad  monographiam  generis  Chrysopse 
Leach.     Vratislaviae,  1851. 

Banks,  N. — A  revision  of  the  Nearctic  Chrysopida*.     < Trans.  Amer. 
Ent.  Soc,  XXIX,  pp.  137-162,  pi.  1,  1903. 

(X3NIOPTERYGIDiE. 

Enderlein,  G. — Fam.  Coniopterygida?.    <Gen.  Ins.,  Fasc.  67,  pp.  17, 

pis.  2,  1908. 
Banks,  N. — A  revision  of  the  Nearctic  Coniopterygida?.    <Proc.  Ent^ 

Soc  Wash.,  VIII,  pp.  77-86,  pis.  2,  1906. 

myrmeleonidj:. 

Hagen,  H.  a. — Stray  notes  on  the  Myrmeleonida?.    <Can.  Ent.,  1887, 

1888.     [Continued  in  several  numbers.] 
Banks,  N. — A  classification  of  the  North  American  Myrmeleonida*. 

<Can.  Ent,  1899,  pp.  67-71. 

ASCALAPHIDiE. 

VAN  der  Weele,  H. — Ascalaphiden.     < Collections  de  Selys,  Fasc. 
VIII,  pp.  328,  pis.  2,  1908. 

A  revision  of  the  Ascalaphidte  of  the  world. 

PANORPIDiE. 

Westwood,  J.  O. — Monograph  of  the  genus  Panorpa.    < Trans.  Ent 

Soc.  Lond.,  IV,  pp.  184-196,  1846. 
HiNE,  J.  S. — The  North  American  species  of  the  genus  Bittacus. 

<  Joum.  Columbus  Hort  Soc,  xiii,  pp.  11,  pis.  2,  1890. 
— ^ A  review  of  the  Panorpida*  of  America,  north  of  Mexico. 

<Bul.  Sci.  Lab.  Denison  Univ.,  xi,  pp.  241-264,  pis.  3,  1901. 
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TRICHOPTERA. 

McLachlan,    R. — A    monographic    revision    and    synopsis    of    the 
Trichoptera  of  the  European  fauna.    London,  1874-1880. 
Extremely  valuable  for  the  study  of  genera. 

KoL^NATi,  F.  A. — Genera  et  species  Trichopterorum.    2  parts.    Part 
1,  Prague,  1848;  part  2,  Moscow,  1859. 

McLiACHLAX,  R. — Notes  on  North  American  Phryganida*,  with  espe- 
cial reference  to  those  contained  in  the  collection  of  the  British 
Museum.    <Ent.  Annual  for  1863,  pp.  155-163. 
Contains  a  list  of  North  American  Phryganids. 

Hagen,  H.  a. — Phryganidarum  synopsis  synonymica.     <Verh.  k.  k, 

zool.-bot.  Ges.  Wien,  xiv,  pp.  799-890,  1864. 
Beitrage  zur  Kenntniss  der  Phryganiden.    <  Verh.  k.  k.  zool.- 
bot.  Ges.  Wien,  xxiii,  pp.  377-452,  1873. 
Eaton,  A.  E. — On  the  Hydroptilidse,  a  family  of  the  Trichoptera. 
<Trans.  Ent.  Soc.  Lond.,  1873,  pp.  125-151. 
Gives  a  list  of  the  species  and  synopsis  of  genera. 
Banks,  N. — Descriptions  of  new  North  American  Xeuropteroid  in- 
sects.    <Trans.  Amer.  Ent.  Soc.,  xxv,  pp.  199-218,  1898. 
Contains  a  table  of  the  genera  of  Leptoceridse. 

Descriptions  of  new  Trichoptera.     <Proc.  Ent.  Soc.  Wash., 

VIII,  pp.  117-133,  pis.  2,  1906. 

Table  of  Serieostomatidae  and  of  Neuronia. 
-Description  of  new  Nearctic  Neuropteroid  insects.     <Trans. 


Amer.  Ent.  Soc.,  xxxii,  pp.  1-20,  pis.  2,  1906. 
Table  of  Hydropsychidfie. 
Ulmer,  G. — Trichoptera.     <Gen.  Ins.,  Fasc.  60,  pp.  259,  pis.  41, 

1907. 
Morton,  K.  J. — North  American  Hydroptilida^.     <Bul.  86,  N.  Y. 

State  Mus.,  pp.  63-75,  1905. 

MALLOPHAQA. 

Denny,  H. — Monographia  Anoplurorum  Britannia*.  London,  1842, 
pis.  26. 

GiEBEL,  C.  G.  A. — Insecta  epizoa.  Die  auf  Saugethieren  und  Vogeln 
schmarotzenden  Insekten.  Nach  Zeichnungen  von  C.  L.  Nitzsch. 
Leipzig,  1874,  pis.  20. 

PiAGET,  E. — ^Les  Pediculines.  Description  de  toutes  les  especes  ob- 
servees,  enrichie  d'especes  nouvelles.  Leyden,  1880,  pis.  56;  Sup- 
plement, 1885,  pis,  17. 

Taschenberg,  O. — Die  Mallophagen  mit  besonderer  Beriicksich- 
tigung  der  von  Meyer  gesammelten  Arten.     Halle,  1882. 
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Kellogg,  V.  L. — A  list  of  the  biting  lice  (Mallophaga)  taken  from 
birds  and  mammals  of  North  America.  <Proc.  U.  S.  Nat.  Mus., 
XXII,  pp.  39-100,  1899. 

Contains  a  bibliography  and  table  to  genera. 

Mallophaga.     <Gen.  Ins.,  Fasc.  66,  pp.  87,  pis.  3,  1908. 

Morse,  M.  W. — Synopses  of  North  American  Invertebrates.  Tri- 
chodectidae.     <Amer.  Nat.,  xxxvii,  pp.  609-624,  1903. 

THYSANXJIIA. 

VON  Dalla  Torre,  K.  W. — Die  Gattungen  und  Arten  der  Aptery- 
gogenea.  <46  Program  k.  k.  Staats-Gymnasinm,  Innsbruck, 
pp.  23,  1895. 

a  catalogue  of  the  linown  species. 

MacGillivray,  A.  D. — A  catalogue  of  the  Thysanura  of  North  Amer- 
ica.    <Can.  Ent.,  1891,  pp.  267-276. 

Packard,  A.  S. — Synopsis  of  the  Thysanura  of  Essex  County,  Mass., 
with  descriptions  of  a  few  extralimital  forms.  <5th  Ann.  Rep. 
Trustees  Peabody  Acad.  Sci.  for  the  year  1872.  Salem,  1873, 
pp.  23-51. 

Lubbock,  J. — Monograph  of  the  CoUembola  and  Thysanura.  Lon- 
don, Ray  Society,  1873. 

The  introduction  gives  the  fuU  bibliography  up  to  date. 

MacGillivr.\y,  a.  D. — North  American  Thysanura.  III.  <Can. 
Ent,  1893,  pp.  218-220. 

Synopsis  of  family  Japygidse. 

North  American  Thysanura.    IV.     <Can.   Ent.,   1893,  pp. 

313-318. 

Synopses  of  families  Aphoruridse  and  Poduridae. 

— North    American    Thysanura.     V.     <Can.    Ent.,    1894,    pp. 

105-110. 

Synopses  of  Entomobryidae  and  Smynthuridae. 

The  American  species  of  Isotoma.     <Can  Ent.,  1896,  pp. 

47-58. 

Guthrie,  J.  E. — ^The  CoUembola  of  Minnesota.  <Geol.  and  Nat. 
Hist.  Surv.  Minn.,  1903,  pp.  1-110,  pis.  16. 

Hansen,  H.  J. — The  genera  and  species  of  the  order  Symphyla. 
<  Quart.  Journ.  Micr.  Sci.,  xlvii,  pp.  1-100,  pis.  7, 1903. 

Jackson,  A.  D. — Synopsis  of  the  American  species  of  the  genus 
Papirius.     <Ohio  Nat.,  vii,  pp.  159-177,  1907. 

Jackson,  C.  F. — Key  to  the  families  and  genera  of  the  order  Thy- 
sanura.    <Ohio  Nat.,  vi,  pp.  545-549,  1906. 
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SwENK,  M.  H. — A  synopsis  of  the  North  American  species  of  Japyx. 

<  Journ.  N.  Y.  Ent.  Soc.,  1903,  pp.  129^132. 

MTBIAPODA. 

BoLLMAN,  C.  H. — ^The  Myriapoda  of  North  America.  <Bul.  46, 
U.  S.  Nat.  Mus.,  1893. 

A  collection  of  his  writings,  edited  by  L.  M.  Underwood.  A  most  nec- 
essary work,  containing  a  catalogue  of  the  species,  tables  of  the 
genera,  and  a  synopsis  of  the  Scolopendridae. 

Wood,  H.  C,  Jr. — The  Myriapoda  of  North  America.  <Trans. 
Amer.  Phil.  Soc.,  xm,  pp.  137-248,  pis.  3,  1865. 

This  is  the  first  and  only  monograph  of  the  Myriapoda  published  In 
this  country. 

Newport,  G. — ^Monograph  of  the  class  Myriapoda,  Order  Chilopoda. 

<  Trans.  Linn.  Soc.  Lond.,  xix,  pp.  265-302,  349-439,  1845. 
Koch,  C.  L.— Die  Myriapoden.    2  vols.    Halle,  1863. 
Underwood,  L.  M. — ^The  North  American  Myriapoda.    <Ent.  Amer., 

I,  pp.  141-151,  1885. 

A  bibliographical  review  of  the  subject,  with  tables  of  families  and 
genera. 

Wood,  H.  C,  Jr. — On  the  Chilopoda  of  North  America,  with  Cata- 
logue of  all  the  specimens  in  the  collection  of  the  Smithsonian 
Institution.  <Journ,  Acad.  Nat.  Sci.  Phila.,  new  ser.,  v,  pp. 
5-42,  1863. 

Packard,  A.  S.— ^A  revision  of  the  Lysiopetalidse,  a  family  of  Chi- 
lognath  Myriapoda,  with  a  notice  of  the  genus  Cambala.  <Proc. 
Amer.  Phil.  Soc.,  xxi,  pp.  177-197,  1883. 

Cook,  O.  F.,  and  Collins,  G.  N. — The  Craspedosomatidfie  of  North 
America.    <  Ann.  N.  Y.  Acad.  Sci.,  ix,  pp.  1-100,  pis.  12,  1805. 

Stuxberg,  a. — ^Lithobioidae  Americae  borealis.  Ofversigt  af  Nord- 
Amerikas  hittills  kanda  Lithobiider.  <Ofvers.  K.  Vet.- Acad. 
Forh.,  XXXII,  pp.  23-^S2,  1875. 

Cook,  O.  F.,  and  Collins,  G.  N. — Notes  on  North  American  Myria- 
poda of  the  family  Geophilidse,  with  descriptions  of  three  genera. 
<Proc.  U.  S.  Nat.  Mus.,  xiii,  pp.  383-396,  1891. 
Contains  a  table  of  the  genera. 

Meinert,  Fr. — ^Myriopoda  Musei  Cantabrigensis,  Mass.  Part  I,  Chi- 
lopoda.   <Proc.  Amer.  Phil.  Soc,  1885,  pp.  161-233. 

Of  great  value  for  the  study  of  classification,  though  containing  no 
synopses. 

Kenton,  F.  C. — ^The  morphology  and  classification  of  the  Pauropoda. 

<Tufts  College  Studies,  iv,  1895. 
Kraepelin,  K. — Revision  der  Scolopendriden.     <  Jahrb.  Hamb.  Anst. 

2  Beiheft.  Mitt.  Mus.  Hamburg,  pp.  1-276,  figs.  100,  1903. 
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ABACHNIDA. 

L^CATAL00UE8. 

Marx,  G. — Catalogue  of  the  described  Araneae  of  temperate  North 
America.    <Proc.  U.  S.  Nat.  Mus.,  xii,  pp.  497-594,  1890. 
Includes  a  bibliography. 

IL— COMPREHENSIVE  WORKS.  , 

Hahn,  C.  W.,  and  Koch,  C.  L. — Die  Arachniden.  Nurnberg,  18B1- 
1848,  16  vols.,  with  563  pis. 

DE  Walckenaer,  C.  a. — Histoire  naturelle  des  Insectes.     Suites  a 
Buffon.     Apteres.     Paris,  1837-1847,  II,  4  vols.,  with  52  pis. 
The  first  work  on  general  classification  of  this  order,  and  many  North 
American  species  are  described  from  drawings  by  Bosc  and  Abbot. 

Simon,  E. — Histoire  naturelle  des  Araign^es.  Paris,  2  vols.,  1893- 
1902. 

Tables  to  all  the  genera. 

Hentz,  N.  M. — Aranea?  Americae  septentrionalis.  The  Spiders  of 
the  United  States.  Edited  by  J.  H.  Emerton  and  E.  Burgess. 
< Occasional  Papers  of  the  Boston  Society  of  Natural  History, 
1875. 

A  reprint  of  Hentz's  papers  on  North  American  spiders. 

Simon,  E. — Les  Arachnides  de  France.     Paris,  Vols.  I-V  and  VII, 

1874-1884. 

This  work  represents  a  i*ecent  system  of  classification,  and  Is  there- 
fore of  great  general  value,  although  It  deals  only  with  the  Euro- 
pean fauna. 

Keyserling,  E. — Neue  Spinnen  aus  Amerika.  7  parts.  <Verh. 
k.  k.  zool.-bot.  Ges.  Wien,  Vols,  xxix-xxxiv,  1879-1887. 

Banks,  N. — A  classification  of  the  North  American  Spiders.  <Can. 
Ent.,  1892,  pp.  88-97. 

Synopses  of  North   American  Invertebrates.     Families   and 

genera  of  Araneida.     <xVmer.  Nat.,  xxxix,  pp.  293-323,  1905. 

CoMSTocK,  J.  H. — A  classification  of  North  American  Spiders. 
Ithaca,  N.  Y.,  pp.  55,  1903. 

Warburton,  C. — The  Cambridge  Natural  History,  Vol.  IV,  Arach- 
nida.     pp.  295-473,  1909. 

Emerton,  J.  H. — Common  spiders  of  the  United  States.  Boston, 
1902,  pp.  225,  many  figures. 

Bryant,  E.  B. — List  of  the  Araneida.  Fauna  of  New  England,  9. 
<Occ.  Papers,  Bost.  Soc.  Nat.  Hist.,  viii,  pp.  105. 
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111.— MONOGRAPHS  AND  SYNOPiHES. 
Aranese. 
■     THERAPHOSID^. 

Simon,  E. — Liste  des  especes  de   la   famille  des  Aviculariides  de 

rAmerique  du  Nord.     <Actes  Soc.  Linn.  Bordeaux,  xliv,  pp. 

307-339,  1892. 
AussERER,  A. — Beitrage  zur  Kenntniss  der  Arachniden-Familie  der 

Territelaria^  Thorell.     <Verh.  k.  k.  zool.-bot.  Ges.  Wien,  xxi, 

pp.  117-224,  1871. 
Zweiter  Beitrag  zur  Kenntniss  der  Arachniden-Familie  der 

Territelariap  Thorell.     <Verh.  k.  k.  zool.-bot.  Ges.  Wien,  xxv, 

pp.  125-206,  1875. 

DYSDERIDJ^^:. 

Banks,  N. — Notes  on  the  Dysderidee  of  the  United  States.     <Can. 

Ent.,  1891,  pp.  207-209.  ' 
Keyserling,  E. — Amerikanische  Spinnen  aus  den   Familien  Phol- 

coidse,   Scytodoidfle   und   Dysderoidae.     <Verh.   k.   k.   zool.-bot. 

Ges.  Wien,  xxvii,  pp.  205-234,  1877. 

DRASSroiE. 

KocH,  C.  L. — Die  Arachniden-Familie  der  Drassiden.    Niirnberg, 

1866-1868. 
Emerton,  J.  H. — New  England  Spiders  of  the  families  Drassidae, 

Agalenida?,  and  Dysderida?.     <Trans.  Conn.  Acad.  Arts  Sci., 

VIII,  pp.  1-40,  1890. 

DICTYNID^. 

Emerton,  J.  H. — New  England  Spiders  of  the  family  Ciniflonidee. 
<  Trans.  Conn.  Acad.,  vii,  pp.  443-460,  1888. 

epeirid^. 

Keyserling,  E. — Beschreibung  neuer  und  wenig  bekannter  Arten 
aus  der  Familie  Orbitelse  Latr.  oder  Epeirida^  Sund.  <Sitz- 
ungsber.  naturw.  Ges.  Isis  in  Dresden,  1863  (1864),  pp.  63-154. 

Emerton,  J.  H. — New  England  Spiders  of  the  family  Epeiridee. 
<Trans.  Conn.  Acad.,  vi,  pp.  295-342,  1884. 

Keyserling,  E. — Die  Spinnen  Amerikas.  IV.  Epeiridse.  Niini- 
berg,  1892-1893. 

McCooK,  H.  C. — American  Spiders  and  their  spinning  work.  Phila- 
delphia, 1889-1893. 

Third  volume  contains  tlie  Epelridie. 
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Banks,  N.— Notes  on  Spiders.  <Journ.  N.  Y.  Ent.  Soc.,  1893,  pp. 
123-134. 

Contains  a  synopsis  of  part  of  the  Tetragnathinje. 

THERID1ID.E. 

Cambridge,  O.  P. — On  some  new  species  of  Erigone  from  North 

America.    Two  parts.     <Proc.  Zool.  Soc.  Lond.,  1874,  pp.  428- 

442;  1875,  pp.  393-405. 
Emerton,  J.  H. — New  England  Spiders  of  the  family  Therididse. 

<Trans.  Conn.  Acad.,  vi,  pp.  1-86,  1882. 
Keyserling,  E. — Die  Spinnen  Amerikas.    II.    Theridida?.    1-.  Halfte, 

Nurnberg,  1884;  2.  Halfte,  Nurnberg,  1886,  pp.  517,  pis.  21. 
Banks,  N. — New  species  of  Theridiidse.     <Can.  Ent.,  1908,  pp.  205- 

208. 

Table  of  Euryoplg. 

Crosby,  C.  R. — A  catalogue  of  the  Erigonese  of  North  xVmerica,  with 
notes  and  descriptions  of  new  species.  <Proc.  Acad.  Nat.  Sci. 
Phila.,  1905,  pp.  301-343,  pis.  2. 

THOM1S1D.K. 

Keyserling,  E. — Die  Spinnen  Amerikas.    Laterigrada?.     Niirnberg, 

1880,  pp.  283,  pis.  8. 
Emerton,  J.  H. — New  England  Spiders  of  the  family  Thomisidie. 

<Trans.  Conn.  Acad.,  viii,  pp.  359-381,  pis.  5,  1892. 

lycosid-t:. 

Keyserling,  E. — Ueber  amerikanische  Spinnen- Arten  der  Unterord- 
nung  Citigrada?.  <Verh.  k.  k.  zool.-bot.  Ges.  Wien,  xxxvi,  pp. 
609-708,  1876. 

Emerton,  J.  H. — New  England  Spiders  of  the  family  Lycosidae. 
<Trans.  Conn.  Acad.,  vi,  pp.  481-505,  1885. 

Montgomery,  T.  L. — Descriptions  of  North  American  Aranese  of 
the  families  Lycosidse  and  Pisauridse.  <Proc.  Acad.  Nat.  Sci. 
Phila.,  1904,  pp.  261-323,  pis.  3. 

Chamberlin,  R.  I. — Revision  of  North  American  spiders  of  the  fam- 
ily Lycosidse.  <Proc.  Acad.  Nat.  Sci.  Phila.,  1908,  pp.  157- 
318,  pis.  16. 

ATTID-1-:. 

Peckiiam,  G.  W.  and  E.  G. — North  American  Spiders  of  the  family 

Attidw.     < Trans.  Wise.  Acad.,  vii,  1888. 
Emerton,   J.   H. — New   England    Spiders   of   the   family   Attidse. 

<Trans.  Conn.  Acad.,  viii.  pp.  220-251,  pis.  6,  1891. 
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Peckham,  G.  W.  and  E.  G. — ^Pellenes  and  some  other  genera  of  the 
family  Attidse.  <Bul.  Wise.  Nat.  Hist.  Soc.,  i,  pp.  195-233, 
pis.  2,  1901. 

Spiders   of   the   Phidippus   group    of   the    family    Attidse. 

<  Trans.  Wise.  Acad.,  xiii,  pp.  282-346,  pis.  6,  1900. 

Revision  of  the  Attidse  of  North  America.     <Trans.  Wise. 


Acad.,  XVI,  pp.  355-596,  pis.  24,  1909. 

Arthrogastra. 

Underwood,  L.  M. — ^A  preliminary  list  of  the  Arthrogastra  of  North 
America  (excluding  Mexico).  <Can.  Ent.,  xvii,  pp.  162-169, 
1885. 

Banks,  N. — ^The  Scorpions,  Solpugids,  and  Pedipalpi.  <Amer. 
Nat.,  1900,  pp.  421-428. 

soLPUoro^. 

Simon,  E. — Essai  d'une  classification  des  Galeodes.  <Ann.  Soc. 
Ent.  France,  1879,  pp.  93-154. 

Putnam,  J.  D. — The  Solpugidse  of  America.  Arranged  for  publi- 
cation by  Herbert  Osborn.  <Proc.  Davenport  Acad.  Nat.  Sci., 
Ill,  pp.  149  ff,  1882. 

This  monograph  remains  incomplete  on  account  of  the  death  cf  the 
author.    It  contains  a  complete  bibliography  on  the  family. 

Kraepelin,  K. — Palpigradi  und  Solifugse.  <Das  Tierreich,  Lief. 
12,  pp.  159,  1901. 

SCORPIONmiE. 

WocM>,   H.    C. — ^Descriptions   of   new   species   of   North    American 

Pedipalpi.     <Proc.  Acad.  Nat.  Sci.  Phila.,  1863,  pp.  107-112. 
On  the  Pedipalpi  of  North  America.     <Journ.  Acad.  Nat. 

Sci.  Phila.,  v,  pp.  357-376,  PI.  xl,  1863. 
Thorell,  T. — On  the  classification  of  Scorpions.     <Ann.  and  Mag. 

Nat.  Hist.,  XVII,  pp.  1-15,  1876. 
fitudes  Scorpiologiques.     <Act.  Soc.  Ital.  Sci.  Nat.,  xix,  pp. 

75-272,  1877. 
Kraepelin,  K. — Revision  der  Scorpione.     <  Jahrb.  Hamb.     Anst.,  I, 

Vol.  vin,  pp.  1-144, 1891 ;  II,  Vol.  xi,  pp.  1-248, 1894. 
Scorpiones  und   Pedipalpi.     <Das   Tierreich,   8   Lieferung, 

1899,  pp.  265. 
• Revision  der  Tarantuliden.     <Abh.  Ver.  Hamburg,  xiii,  pp. 

1-53,  1895. 
Revision  der  Uropygi.     <Abh.  Ver.  Hamburg,  xv,  pp.  60, 


1897. 


Digitized  by  VjOOQ IC 


108  WORKS   ON   NORTH   AMERICAN   ENTOMOLOGY. 

^  CHERNETID^. 

Banks,  N. — Notes  on  the  Pseudoscorpionida.     <Journ.  N.  Y.  Ent. 

Soc.,  1895,  pp.  1-13. 
CooLiDGE,   K.    R. — ^A   list   of   Nortli    American   Pseudoscorpionida. 

<Pyche,  1908,  pp.  108-114. 

phalangid^k. 

Wood,  H.  C. — On  the  Phalangese  of  the  United  States  of  America. 

<Commun.  of  the  Essex  Inst.,  vi,  pp.  10-40, 1868. 
Thorell,  T. — Conspectus  familiarum  et  generum  Europseorum  ordi- 

nis  Opilionum.     <Ann.  Mus.  civ.  d.  Storia  nat.  Genova,  1876, 

pp.  462  ff. 
Banks,  N. — The  Phalanginse  of  the  United  States.     <Can.  Ent., 

1893,  pp.  205-211. 
The   NemastomatidsB  and  Trogulidse  of  the  United  States. 

<Psyche,  1894,  pp.  11-12,  51-52. 
-The  Phalangida  Mecostethi  of  the  United  States.     <Trans. 


Amer.  Ent.  Soc,  xx,  pp.  149-152, 1893. 

Weed,  C.  M. — A  descriptive  catalogue  of  the  harvest  spiders  (Pha- 
langiidse)  of  Ohio.  <Proc.  U.  S.  Nat.  Mus.,  xvi,  pp.  543-503, 
1893. 

Banks,  N. — Synopses  of  North  American  Invertebrates.  The  Pha- 
langida.    <Amer.  Nat.,  xxxv,  pp.  669-679,  1901. 

Acarina. 

Banks,  N. — A  treatise  on  the  Acarina,  or  mites.  <Proc.  U.  S.  Nat. 
Mus.,  XXVIII,  pp.  1-114, 1904. 

A  catalogue  of  the  Acarina,  or  mites,  of  the  United  States. 

<Proc.  U.  S.  Nat.  Mus.,  xxxii,  pp.  595-625, 1907. 
OsBORN,  H.,  and  Underwood,  L.  M. — Preliminary  list  of  the  species 

of  Acarina  of  North  America.     <Can.  Ent.,  1886,  pp.  4-12. 
Berlese,  a. — Acari  Miripodi  e  Scorpioni  Italiani.     Padova,  1882, 
to  date. 

Four  volumes  are  completed,  Prostlgmata,  Cryptostigmata,  Mesostig- 

mata,  and  Sarcoptidae;  other  parts  are  in  progress. 
Contains  tables  to  the  genera,  and  figures  all  Italian  8i>ecies. 

Canestrini,    G. — Prospetto    dell'Acarofauna    Italiana.     Padova.     7 

parts.     1885-1897. 

Very  valuable  for  classification. 
Trouessart,  E. — Considerations  generales  sur  la   classification   des 

Acariens.     <  Revue  Sci.  Nat.  de  I'Ouest.  Paris,  ii,  pp.  20-54, 

1892. 
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Ml  RRAY,  A. — Economic  Entomology.  Aptera.  <  South  Kensington 
Museum  Science  Handbooks,  London  and  New  York,  1877. 

Mkoxin,  p. — Memoire  sur  les  Cheyletides  Parasites.  <Journ. 
d'Anatomie  et  de  Physiologic,  1878,  pp.  1  ff. 

Les  Parasites  et  les  maladies  parasitaires  chez  Thomme,  les 

animaux  domestiques  et  les  animaux  sauvages  avec  lesquels  Hs 
peuvent  etre  en  contact.  Insectes,  Arachnides,  Crustaces.  Paris, 
1880. 

NicoLET,  H. — Histoire  naturelle  des  Acariens  qui  se  trouve  aux  envi- 
rons de  Paris.  < Archives  du  Museum  d'histoire  nat.  de  Paris, 
VII,  1854-55. 

GiEBEL,  C.  G. — Insecta  Epizoa.  Die  Parasiten  der  Saugethiere  und 
Vogel.     Leipzig,  1874. 

Mjegnin,P. — Memoire  sur  les  Metamorphoses  des  Acariens  en  general 
et  en  particulier  sur  celles  des  Trombidions.  <Ann.  des  Sci. 
Xat.,  ser.  6,  iv,  Article  5, 1876. 

Memoire  sur  I'organisation  et  la  distribution  zoologique  des 

Acariens  de  la  famille  des  Gamasides.  <  Journ.  d'Anatomie  et 
de  Physiologic,  1876,  pp.  288-336. 

Monographic  de  la  tribu  des  Sarcoptides  Psorique,  subdivision 


de  la  famille  des  Sarcoptides,  ordre  des  Acariens.     <  Revue  et 
Magasin  de  Zoologie,  1877. 

Banks,  N. — Some  new  American  Acarina.  <Trans.  Amer.  Ent.  Soc, 
XXI,  pp.  209-222, 1894. 

Synopses  of  the  Erythraeidje,  Trombldildfle,  Rhyncholophldtp,  B<lpllidffi, 
and  Eupodidae. 

On  the  Oribatoidea  of  the  United  States.     <Trans.  Amer. 

Ent.  Soc.,  XXII,  pp.  1-16,  1895. 

Michael,  A.  D. — Oribatidae.  <Das  Tierreich',  3  Lieferung,  1898, 
pp.  93. 

Neumann,  G. — Revision  de  la  famille  des  Ixodides.  <Mem.  Soc. 
Zool.  France,  1896,  pp.  1-44;  1897,  pp.  324-420;  1890,  pp.  120- 
230;  1901,  pp.  249-372. 

Tyrrell,  J.  B. — On  some  Canadian  ectoparasitic  Sarcoptidae.  < Ot- 
tawa Field-Nat.  Club,  Trans.,  3,  1882. 

Garman,  H. — The  Phytopti  and  other  injurious  plant  mites.  <12th 
Rep.  State  Ent.  on  the  Nox.  and  Benef.  Ins.  State  of  111.,  1883, 
pp.  123-143. 

Nalepa,  a. — Eriophyida;  (Phytoptidse),  <Das  Tierreich,  4  Liefe- 
rung,  1898,  pp.  74. 

No  reference  to  the  American  species. 
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Banks,  N. — The  Red  Spiders  of  the  United  States  (Tetranychus  and 
Stigmseus).  <Tech.  ser.  8,  Div.  Ent.,  U.  S.  Dept.  Agr.,  1909, 
pp.  65-77. 

KoENiKE,  F. — Nordaraerikanische  Hydrachniden.  <Abh.  Ver.  Bre- 
men, XIII,  pp.  167-226,  1900. 

Walcott,  R.  H. — On  the  North  American  species  of  the  genus  Atax. 
<Trans.  Amer.  Micr.  Soc,  xx,  pp.  193-259,  1899. 

On    the   North    American    species    of   the   genus    Curvipes. 

< Trans.  Amer.  Micr.  Soc.,  xxiii,  pp.  201-256,  pis.  5, 1902. 

On  the  North  American  species  of  Limnesia.     < Trans.  Amer. 


Micr.  Soc.,  XXIV,  pp.  139-161,  pis.  2,  1903. 
Marshall,  R. — ^Ten  species  of  Arrenuri  belonging  to  the  subgenus 

Megalurus  Thon.     < Trans.  Wise.  Acad.,  xiv  (1),  pp.  145-172, 

pis.  5,  1904. 
PiERSiG,   R.,   and   Lohmann,   H. — Hydrachnidse   und   Halacaridsd. 

<Das  Tierreich,  13  Lieferung,  pp.  336,  1901. 
Banks,  N. — A  revision  of  the  Tyroglyphidse  of  the  United  States. 

<Tech.  ser.  13,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1906,  pp.  34,  pis.  6. 
A  revision  of  the  Ixodoidea,  or  ticks,  of  the  United  States, 

<Tech.  ser.  15,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1908,  pp.  61,  pis.  10. 
EwiNG,  H.  E.— The  Oribatoidea  of  Illinois.     <Bul.  111.  State  Lab. 

Nat.  Hist.,  VII,  pp.  337-389,  1909. 

WOBKS  OH  ECONOMIC  ENTOMOLOGY. 

Harris,  T.  W. — Insects  injurious  to  vegetation.     (Flint  edition.) 

New  York.    (First  edition,  Cambridge,  1841.) 
Fitch,  Asa. — Reports  of  the  state  entomologist  of  New  York.     I- 

XIV,  Albany,  1855-1870.    (For  a  full  account  of  these,  see  First 

Annual  Report,  by  J.  A.  Lintner^  state  entomologist  of  New 

York,  pp.  294-297.) 
The  Practical  Entomologist.    Vols.  I  and  II.    Published  by  the 

Entomological  Society  of  Philadelphia,  1865-1867. 
The  American  Entomologist,  edited  by  B.  D.  Walsh  and  C.  V. 

Riley.    Vol.  I.    Saint  Louis,  Mo.,  1868. 
The  American  Entomologist  and  Botanist,  edited  by  C.  V.  Riley 

and  Dr.  George  Vasey.    Vol.  II.     Saint  Louis,  Mo.,  1870. 
The  American  Entomologist,  edited  by  C.  V.  Riley.    Vol.  Ill  [Sec- 
ond series.  Vol.  I.]     New  York,  1880. 
AValsh,  B.  D. — Annual  report  on  the  noxious  insects  of  the  State  of 

Illinois.    Chicago,  1868. 
Riley,  C.  V. — Reports  of  the  state  entomologist  of  Missouri.     I-IX, 

Jefferson  City,  1869-1877. 
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LiE  Baron,  W. — Reports  of  the  state  entomologist  of  Illinois.    I-IV. 

Springfield,  1871-1874. 
Thomas,    Cyrus. — Reports   of   the    state    entomologist    of    Illinois. 
I-VI.    Springfield,  1876-1881. 

LiNTNER,  J.  A. — Reports  of  the  state  entomologist  of  New  York. 
I-XIII.     Albany,  1882-1897.     Continued  by  E.  P.  Felt. 

Forbes,  S.  A. — Reports  of  the  state  entomologist  of  Illinois.  I- 
XXIV.    Springfield,  1883-1908. 

Saunders,  W. — Insects  injurious  to  fniits.  Philadelphia,  1883.  2d 
edition,  1909. 

Smitii,  J.  B. — Our  insect  friends  and  enemies.  Philadelphia,  1909, 
pp.  314. 

Sanderson,  E.  D. — Insects  injurious  to  staple  crops.  New  York, 
1902,  pp.  295. 

Chittenden,  F.  II. — Insects  injurious  to  vegetables.  New  York, 
1907,  pp.  262. 

Johnson,  W.  G. — Fumigation  methods.    New  York,  1902,  pp.  313. 

S311TH,  J.  B. — Economic  entomology.  Philadelphia,  1896.  Second 
edition,  1906. 

Weed,  C.  M. — Insects  and  insecticides.    Hanover,  N.  H.,  1891. 

Reports  of  the  Entomologists  of  the  U.S.  Department  of  Agricul- 
ture, T.  Glover  (1863-1878) ;  J.  H.  Comstock  (1879-1880) ;  C  V. 
Riley  (1878-1879,  1880-1894) ;  L.  O.  Howard  (1894,  to  date). 

Reports  and  Bulletins  of  the  V.  S.  Entomological  Commission. 

Bulletins  on  entomological  subjects  of  the  various  experiment  sta- 
tions.   Many  of  them  can  still  be  obtained  on  application. 

Ci'RTis,  John. — Farm  insects.    London,  1860. 

Ormerod,  E.  a. — Manual  of  injurious  insects,  and  methods  of  pre- 
vention.   London  and  Edinburgli,  1881. 

Handbook  of  insects  injurious  to  orchard  and  bush  fruits. 

London,  1898. 

Kaltenbach,  J.  H. — Die  Pflanzenfeinde  aus  der  Classe  der  Insekten. 
Stuttgart,  1874. 

A  useful  work  for  determining  what  insects  Infest  plants  in  Euroix*. 

Ratzeburg,  J.  T.  C— Die  Forst-Insekten.    Berlin,  1839-1844,  3  vols. 
Jn)EiCH,  J.  F.  u.  XiTscHE,  H. — Lehrbuch  der  Mitteleuropaischen 

Forstinsektenkunde.    Vienna,  1895,  2  vols. 
(iillanders,  a.  T. — Forest  entomology.    Edinburgh,  1908,  pp.  422. 
BoisorvAL,  J.  A. — ^Essai  sur  I'entomologie  horticole.    Paris,  1867,  pp. 

648, 
LucET,  E. — Les  insectes  nuisibles  aux  rosiers.    Paris  (2nd  edition), 

1900,  pp.  380,  pis.  13. 
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Publications  dealing  with  entomology  issued  by  the  Department  of 
Agriculture. 

A  list  (Circular  76)  of  these  may  be  obtained  by  applying  to  the  Bureau 
of  Entomology,  U.  S.  Deimrtment  of  Agriculture,  Washington, 
D.  C. 

WOBKS  OH  MEDICAL  ENTOMOLOGY. 

NuTTALL,  G.  H.  F. — The  role  of  Insects,  Arachnids,  and  Myriapods 
as  carriers  of  human  and  animal  diseases  which  are  produced 
by  bacteria  and  animal  parasites.  <Johns  Hopkins  Hosp. 
Repts.,  VIII,  pp.  152,  1898. 

Marotel,  G. — Le  role  actuel  des  Arthropodes  en  pathologic.     <Ann. 

Soc.  Agr.  Sci.  Indus.  Lyon,  1906  (1907),  pp.  279-302. 
Manson,  p. — Tropical  diseases.    New  York,  1904,  pp.  756. 
Braun,  M. — The  animal  parasites  of  man.    London,  edited  by  Theo- 
bald &  Sambon,  1907. 
Van  Beneden,  P.  J. — Animal  parasites  and  messmates.     New  York, 

1876.     International  Scientific  Series. 
Blanchard,  R. — Traits  de  zoologie  m^dicale.     Paris,  1890.     Second 

volume,  pp.  883. 
DuBREUiLH,  W.,  et  Beille,  L. — Les  parasites  animaux  de  hi  peau 

humaine.    Paris,  1896. 
SergenTj  E. — Determination  des  insectes  piqueurs  et  sugeurs  de  sang. 

Paris,  1909,  pp.  320,  figs.  329. 
Megnin,  J.  P. — La  faune  des  cadavres;  applicatiwi  de  I'entomologie 

a  la  medecine  legale.    Paris,  1894,  pp.  214. 
Howard,  L.  O. — A  contribution  to  the  study  of  the  insect  fauna  of 

human  excrement.     <Proc.  Wash.  Acad.  Sci.,  ii,  pp.  541-604, 

1900. 
Huber,    J.    C. — Bibliographic    der    klinischen    entomologie.     Jena, 

1899-1900,  4  hefte. 
(lERHARD,  W.  P. — Bibliography  of  flies  and  mosquitoes  in  relation 

to  disease.     <Ent.  News,  1909,  pp.  84-89,  207-211. 
Grunberg,  K. — Die  bliit-saugenden  Dipteren.     Jena,  1907,  pp.  188, 

ills. 
Austen,  E.  E. — Illustrations  of  British  blood-sucking  flies.     British 

Museum,  London,  1906,  pp.  74,  pis.  34. 
Blanchard,    R. — Les    moustiques,    histoire    naturelle    et    medicale, 

Paris,  1905,  pp.  673. 
Howard,  L.  O. — Mosquitoes;  how  they  live;  how  they  carry  disease; 

how   they  are  classified;   how   they  may  be  destroyed.      New 

York,  1901,  pp.  241,  ills. 
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Sternberg,  G.  W. — ^Transmission  of  yellow  fever  by  mosquitoes. 

<  Smithsonian  Ann.  Rep.,  1900,  pp.  657-673,  1901. 
Stephens,  J.  W.  W.,  and  Christophers,  S.  R. — The  practical  study 

of  malaria  and  other  blood  parasites.    London,  1908,  pp.  414. 
Sambon,  L.  a. — ^Ticks  and  tick  fevers.     <  Joum.  Trop.  Med.,  ii,  pp. 

217-223,  1900. 
Calkins,  G.  N. — Protozoology.     New  York  and  Philadelphia,  1909, 

pp.  358. 

THE  KOBE  nCPOBTANT  PEBIODICALS  CITED  IK  THIS  BXTLLETIN. 

AMERICAN   PERIODICALS. 

The  American  Naturalist.  A  monthly  journal  devoted  to  the  nat- 
ural sciences  in  their  widest  sense.  Begun  in  1867.  No\y  issued 
at  New  York. 

Annals  of  the  New  York  Academy  of  Science.  New  York,  N.  Y. 
Begun  in  1877. 

Annals  of  the  Lyceum  of  Natural  History  of  New  York.  *Eight 
volumes.    1824-1867. 

Annals  of  the  Entomological  Society  of  America.  Columbus, 
Ohio.    Begun  in  1968. 

Bulletin  of  the  Brooklyn  Entomological  Society.  Seven  vol- 
umes.   1878-1885. 

Bulletin  of  the  American  Museum  of  Natural  History.  New 
York,  N.  Y.    Begun  in  1881. 

Bulletin  of  the  Buffalo  Society  of  Natural  History.  Beginning 
with  1874.    Each  volume  covers  several  years. 

Bulletin  of  the  United  States  National  Museum.  Beginning 
with  1875.    Washington,  D.  C. 

Bulletin  of  the  Illinois  State  Laboratory  of  Natitral  History. 
Urbana,  111.    Begun  in  1876.    Each  volume  covers  several  years. 

Bulletin  of  the  Wisconsin  Natural  History  Society.  Milwaukee, 
Wis.    Begun  in  1900. 

Bulletins  of  the  United  States  Geological  and  Geographical 
SuR\'EY  OF  THE  TERRITORIES,  F.  V.  Haydcu  in  charge.  Depart- 
ment of  the  Interior.    Beginning  with  1875. 

Entomological  News,  and  proceedings  of  the  entomological  section 
of  the  Academy  of  Natural  Sciences.  Philadelphia,  Pa.  Com- 
menced in  1890. 

Entomologica   Americana.     Published  by  the  Brooklyn  Entomo- 
logical Society,  at  Brooklyn,  N.  Y.    1885-1890. 
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Journal  of  the  New  York  Entomological  Socxety.  New  York, 
N.  Y.    Commenced  in  1893. 

Journal  of  Economic  Entomology.  Concord,  N.  H.  Begun  in 
1908. 

Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia. 
Commenced  in  1817. 

Memoirs  of  the  Boston  Society  of  Natural  History.  Commenced 
in  1866. 

Occasional  Memoirs  of  the  Chicago  Entomological  Society. 
Commenced  in  1900. 

Papilio.  Devoted  exclusively  to  Lepidoptera.  Organ  of  the  New 
York  Entomological  Club.     Four  volumes.     1881-1884. 

Proceedings  of  the  American  Academy  of  Arts  and  Sciences. 
Boston,  Mass.     Begun  in  1846. 

Proceedings  of  the  Boston  Society  of  Natural  History.  Com- 
mencing with  1841. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadel- 
phia.    Beginning  with  1841. 

Proceedings  of  the  American  Philosophical  Society  of  Phila- 
delphia.    Commencing  with  1860. 

Proceedings  of  the  California  Academy  qf  Sciences.  San  Fran- 
cisco, Cal.    Since  1854. 

Proceedings  of  the  Da\'enport  Academy  of  Natural  Sciences. 
Davenport,  Iowa.     Begun  in  1876. 

Proceedings  of  the  Entomological  Society  of  Philadelphia. 
Six  volumes.     1861-1867. 

Proceedings  of  the  United  States  National  Museum.  Washing- 
ton, D.  C.     Beginning  with  1878. 

Proceedings  of  the  Entomological  Society  of  Washington. 
Washington,  D.  C.     Begun  in  1884. 

Proceedings  of  the  Washington  Academy  of  Science.  Washing- 
ton, D.  C.     Begun  in  1899. 

Proceedings  of  the  Iowa  Academy  of  Sciences.  Des  Moines,  Iowa. 
Begun  in  1887. 

Psyche.  Organ  of  the  Cambridge  Entomological  Club.  Cam- 
bridge, Mass.     Begun  in  1874. 

Publications  of  the  Carnegie  Institution  of  Washington. 
Since  1900. 

Reports  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories.  Department  of  the  Interior. 
Beginning  with  1867. 


Digitized  by  VjOOQ IC 


MORE   IMPORTANT   PERIODICALS   CITED   IN   THIS    BUJ-LETIN.    115 

Smithsonian  Miscellaneous  Collections.  Siniths<Miian  Institu- 
tion, Washington,  D.  C.  Beginning  with  1862.  Now  published 
quarterly. 

The  Canadian  Entomologist.  Edited  by  William  Saunders  and 
lately  by  C.  J.  S.  Bethune.  Guelph,  Ontario,  Canada.  Begun 
in  1868. 

The  Entomological  Student.  Philadelphia.  April,  1900.  Only 
one  volume. 

The  Kansas  University  Quarterly.  Lawrence,  Kans.  Begun  in 
1892. 

The  Ohio  Naturalist.     Columbus,  Ohio.     Begun  in  1901. 

Transactions  of  the  Academy  of  Science  of  Saint  Louis.  Begun 
in  1856. 

Transactions  of  the  American  Entomological  Society  and  Pro- 
ceedings of  the  Entomological  Section  of  the  Academy  of  Nat- 
ural Sciwices.     Philadelphia,  Pa.     Beginning  with  1868. 

Transactions  of  the  American  Philosophical  Society  of  Phil- 
adelphia.    Second  series  beginning  with  1818. 

Transactions  of  the  Kansas  Academy  of  Sciences.  Topeka,  Kans. 
Begun  in  1874. 

foreign  periodicals. 

Annales   de   la    Societe  entomologique   de   Belgique.     Brussels. 

Beginning  with  1860. 
Annales  de  la  Societe  entomologique  de  France.     Paris.     Begin- 

ing  with  1832. 
Annales    des    Sciences    Naturelles.      Paris.      Commencing    with 

1824. 
Annalen  d.  k.  k.  Naturhistorischen  Hofmuseums.     AVien.     Since 

1886. 
Annals  and  Magazine  of  Natural  History.     London.     Beginning 

with  1838.     Two  volumes  are  issued  each  year. 
Archiv  fur  NATURGESCHIC^TE.     Berlin.     Beginning  with  1835. 
Berliner  entomologische  Zeitschrift.     Berlin.     Commencing  with 

1857. 
BuLLETTiNO  DELLA  SociETA  Entomologica  Italiana.     Fircnzc.     Be- 
gun in  1869. 
Deutsche  entomologische  Zeitschrift.     Berlin.     Beginning  with 

1881. 
Entomologische    Litteraturblatter.      Berlin.    Begun     in    1902. 

Monthly  lists  of  entomological  literature. 
Entomologisk  Tidskrift.     Stockholm.     Begun  in  1880. 
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Entomologische  Zeitung.    Stettin,  Germany.    Beginning  with  1840. 
HoRE  SociETATis  ENTOMOLOGiciE  RossiciE.     St.  Petersburg.    Begun 

in  1861. 
Illustrierte  Wochenschrift  (later  25eitschrift)  fur  Entomolooie. 

Neudamm,   Grermany.     1896-1900.     Continued    as   "  25eitschrift 

fiir  wissenschaftliche  Insektenbiologie." 
Linn^a  entomologica.     Sixteen  volumes.    Berlin,  18^16-1866. 

MiTTHEILUNGEN     DER     SCH^VEIZERISCHEN     ENTOMOLOGISCHEN     GeSELL- 

schaft.     Bulletin  de  la  Societe  entomologique  suisse.     Geneva; 
Begun  in  1865.     Each  volume  covers  several  years. 

NoviTATES  ZooLOGic^.    Loudon.     Begun  in  1894. 
Organ  of  the  Tring  Museum. 

Ofversigt    af    Kongl.     Svenska    Vetenskaps    Academiens    For- 

HANDLiNGAR.     Beginning  with  1844.     Stockholm. 
Proceedings  of  the  Royal  Swedish  Academy  of  Sciences. 

Redia.  Giornale  di  Entomologia.    Firenze,  Italy.    Begun  in  1903. 

RE\TrE  d'Entomolooie,  fubliee  par  la  Societe  Fran^aise  d'Ento- 
MOLOGiE.     Caen,  France.     Begim  in  1882. 

Re^tte  et  magasin  de  zoologie  pure  et  appliquee.  Paris.  Begin- 
ning with  1839. 

SiTZUNGSBERICHTE  DER  MATHEMATI8CH-NATURWI8SENSCHAFTLICHEN 
ClASSE    DER    KAISERLICHEN    AcADEMIE    DER    WiSSENSCHAFTEN    ZU 

WiEN.     Beginning  with  1848.     Vienna. 
The   Entomologists'   Monthly   Magazine.     London.     Beginning 

with  1864. 
The  Entomologist.     London.     Beginning  with  1864. 
The  Entomologist's  Record  and  Journal  of  Variation.    London. 

Begun  in  1890. 
The  Jottrnal  of  Economic  Biology.    London.     Begun  in  1906. 
TiJDSCHRiFT  vooR  Entomologie.     's  Gravenhagc,  Holland.     Begun 

in  1858. 
Transactions  of  the  London  Entomological  Society.    Beginning 

with  1836. 

Transactions  of  the  Linnean  Society  of  London.  Beginning 
with  1791.     Also  issue  a  "  Proceedings." 

Verhandlungen  DER  zoologisch-botanischen  Gesellschaft  in 
WiEN.     Beginning  with  1852.     Vienna. 

Wiener  entomologische  Zeitung.     Vienna.     Begun  in  1882. 

Zeitschrift  fur  die  Entomologie.  Herausgegeben  von  E.  F.  Ger- 
mar.    Five  volumes.    Leipzig,  1839-1844. 

Zeitschrift  fur  wissenschaftliche  Zoologie.  Leipzig.  Begin- 
ning with  1848. 
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Zettschbift  ruB  wissenscha/tliche  Insektenbiologie.  Berlin.  A 
continuation  of  the  "AUgemeine  Zeitschrift  fur  Enton^ologie." 
Begun  in  1901. 

Contains  lists  of  recent  literature  and  many  reviews. 

ZooLOGiscHEB  Anzeiqeb.    Leipzig,  Germany.    Begun  in  1876. 
Contains  bibliography  of  recent  literature. 

HOW  TO  OBTAIN  ENTOMOLOGICAL  BOOKS  AND  PAMPHLETS. 

Comparatively  few  of  the  works  treating  of  the  classification  of 
Xorth  American  insects  have  been  published  as  separate  books;  but 
such  as  have  been  so  published,  if  of  recent  date,  can  be  obtained 
through  the  regular  book  trade.  By  far  the  greater  number  of  the 
monographs  and  synopses  mentioned  in  the  preceding  pages  have  been 
published  in  scientific  periodicals  and  transactions  of  scientific  socie- 
ties. These  periodicals  and  transactions  can  be  obtained  through  the 
societies  which  publish  them  and  through  the  publishers;  but,  in  the 
case  of  transactions,  single  volumes,  and  more  especially  single  papers, 
are  seldom  sold,  and  the  older  volumes  are  likely  to  be  out  of  print. 
Moreover,  the  expense  attending  the  purchase  of  all  of  the  periodicals 
containing  the  publications  on  a  given  order  of  insects  will  be  so  great 
as  to  put  them  beyond  the  reach  of  most  entomologists.  The  custom 
of  placing  at  the  disposal  of  authors  a  number  of  separate  copies  of 
their  papers  overcomes  this  difficulty  to  some  extent  and  creates  a 
small  supply.  Thus  it  often  happens  that  a  person  interested  can 
obtain  a  copy  of  a  scientific  paper  by  addressing  the  author  person- 
ally. Many  of  these  separate  copies  also  get  into  the  possession  of 
dealers  in  second-hand  books,  and  can  be  purchased,  from  them.  The 
American  Entomological  Society,  Philadelphia,  Pa.,  the  Entomolog- 
ical Society  of  Washington,  and  a  few  other  societies  here  and  in 
Europe  offer  for  sale  from  their  duplicates  many  of  these  authors' 
extras,  and  in  some  cases  publish  lists.  There  are,  moreover,  certain 
business  establishments  which  make  a  specialty  of  the  sale  of  works 
and  pamphlets  on  natural  history,  including  entomology,  and  it  is 
chiefly  through  these  dealers  that  the  student  is  enabled  to  secure 
the  larger  portion  of  the  works.  All  of  those  publishing  catalogues 
of  entomological  books  and  pamphlets  are  included  in  the  following 
list: 

J.  B.  Balli^re  et  fils,  19  Rue  Ilautefeullle.  Paris,  France. 

The  Broolclyn  Bools  Ebcchange,  176  Clarkson  St.,  Brooklyn,  X.  Y. 

The  Brownell  Book  Co.,  11  East  59  St.,  New  York,  X.  Y. 

S.  Calvary  &  Co.,  Neue  Wllhelmstr.  1,  Berlin  XW.  7.  (Jenuany. 

F.  L.  Dames,  Voss-Strasse  32,  Berlin,  Germany. 

Dulaa  &  Co.,  37  Soho  Square,  I^ndon,  W.,  England. 

The  Franklin  Bookshop,  920  Walnut  St.,  Philadelphia.  Pa. 

R.  Friedlaender  &  Sohn,  Carlstrasse  11,  Berlin,  Germany. 

Georg  &  Co.,  Freiestrasse  10,  Basel,  Switzerland. 


Digitized  by  VjOOQ IC 


118  WORKS  ON   NORTH  AMERICAN   ENTOMOLOGY. 

William  J.  Gerhard,  2209  Callowhill  St.,  Philadelphia,  Pa. 

A.  Hermann  &  flls,  6  Rue  de  la  Sorbonne,  Paris,  France. 

E^st  Heyne,  Hospitalstrasse  2,  Leipzig,  Germany. 

U.  Hoepli,  Corso  Vltt.  Eman.  37,  Milan,  Italy. 

W.  Junk,  Berlin,  W.  15.  Kurflirstendamm  20,  Germany. 

Paul  Klincksieck,  3  rue  Comellle,  Paris,  France. 

Knickerbocker  Book  Shop,  45  West  34th  street.  New  York,  N.  Y. 

K.  F.  Koehler's  Antiquarium,  Kurprinzstrasse  6,  Leipzig,  Germany. 

Jacques  Lechevalier,  23  Rue  Racine,  Paris  VI*',  France. 

List  &  Francke,  Thalstrasse  2,  I^eipzig,  Germany. 

Dr.  H.  Lttneberg*8  Sortiment  u.  Antiquariat,  Karlstrasse  4,  Munich,  (terniaiiy. 

Martinus  Nijhoff,  Nobelstraat  18,  The  Hague,  Holland. 

G.  E.  Stechert  &  Co.,  129-133  West  20th  St.,  New  York,  N.  Y. 

Max  Weg,  Leplaystrasse  1,  I^ipzig,  Germany. 

Oswald  Weigel,  Konigsstrasse  1,  I^ipzig,  Germany. 

John  Weldon  &  Co.,  38  (ireat  Queen  street,  London,  England. 

H.  Welter,  Rue  Bernard-Pa lissy  No.  4,  Paris,  France. 

William  Wesley  &  Son,  28  Essex  street.  Strand,  London,  England. 

Winkler  &  Wagner,  XVIII,  Dittesgasse  Nr.  11,  Wien,  Germany. 

Von  Zahn  &  Jaensch,  Waisenhausstrasse  10,  Dresden,  Germany. 

Hermann  I'lrich,  Schiitzenstrasse  46,  Steglitz  bei  Berlin,  Germany. 

A  not  inconsiderable  portion  of  the  North  American  literature  on 
the  classification  of  insects  has  been  published  by  the  General  Gov- 
ernment through  various  channels,  and  foremost  among  them  are 
the  Smithsonian  Institution,  the  U.  S.  Department  of  Agriculture, 
the  U.  S.  National  Museum,  the  IT.  S.  Geological  and  Geographical 
Survey,  and  the  reports  of  the  various  surveys  of  the  Territories. 
Many  of  these  publications  are  distributed  free  of  cost  to  anyone 
applying  for  them ;  while  others  are  sold  at  a  moderate  price  to  cover 
the  cost  of  publication.  Many  of  them  are  out  of  print,  and  can  only 
be  obtained  through  natural  history  book  dealers. 

The  state  reports  of  Lintner  and  Forbes  may  be  obtained  from  the 
secretaries  of  the  respective  state  agricultural  societies  at  Albany, 
N.  Y.,  and  Springfield,  111.,  while  the  reports  of  the  entomologists  of 
the  state  experiment  stations  can  be  obtained  from  the  directors  of 
the  respective  stations.  The  older  reports  of  the  state  entomologist 
of  Missouri  and  the  state  entomologists  of  Illinois  (Walsh,  Le  Baron, 
and  Thomas)  are  all  out  of  print  and  can  only  be  obtained  by  pur- 
chase from  second-hand  dealers.  The  same  may  be  said  of  the  well- 
known  and  often  quoted  reports  of  Fitch,  which  were  published  with 
the  old  volumes  of  the  Transactions  of  the  New  York  State  Agricul- 
tural Society. 
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U.  S.  Dkpabtmknt  of  Aoricultubb, 

Bu&SAU  OF  Entomoloot, 
WaaMngUm,  D.  C,  August  £9, 1912. 
Snt:  I  have  the  honor  to  transmit  herewith,  for  publication  as 
Bulletin  No.  82,  seven  papers  dealing  with  certain  insects  injurious 
to  truck  crops.  These  papers,  which  were  issued  separately  during 
the  years  1909,  1910,  and  1911,  are  as  follows:  The  Colorado  Potato 
Beetle  in  Virginia  in  1908,  by  C.  H.  Popenoe;  The  Parsnip  Leaf- 
Miner,  The  Parsley  Stalk  Weevil,  and  The  Celery  Caterpillar,  by  F.  H. 
Chittenden;  The  Ldma-Bean  Pod-Borer  and  The  Yellow-Necked 
FlearBeetle,  by  F.  H.  Chittenden;  The  Life  History  and  Control  of 
the  Hop  Flea-Beetle,  by  William  B.  Parker;  Biologic  and  Economic 
Notes  on  the  Yellow-Bear  Caterpillar,  by  H.  O.  Marsh;  Notes  on  the 
Cucumber  Beetles,  by  F.  H.  Chittenden,  and  Biologic  Notes  on 
Species  of  Diabrotica  in  Southern  Texas,  by  H.  O.  Marsh;  Notes  on 
Various  Truck-Crop  Insects,  by  F.  H.  Chittenden. 
Respectfully, 

L.  O.  Howard, 
Entomologist  and  Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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PREFACE. 


The  present  bulletin  has  been  published  in  parts,  seven  in  number, 
from  time  to  time  as  completed,  and  relates  to  insects  and  groups  of 
insects  of  widely  different  character.  It  is  in  ccmtinuation  of  inyes- 
tigations  on  insects  injurious  to  truck  and  vegetable  crops  begun  in 
1896,  the  results  of  which  have  been  published  in  Bulletins  19,  23,  29, 
33,  and  43  and  various  circulars  of  this  bureau,  and  in  Yearbooks  of 
the  Department  of  Agriculture. 

The  initial  paper,  ^ititled  "The  Colorado  Potato  Beetle  in  \7irginia 
in  1908,"  is  a  Ipgieal  sequel  to  Circular  No.  87,  which  treats  of  the 
same  insect  in  its  entire  distribution.  It  furnishes  details  of  experi- 
ments made  in  tidewater  Virginia,  and  gives  special  instructions  for 
the  use  of  the  traction-power  sprayer  in  that  region.  It  also  con- 
tains interesting  notes  on  the  life  history  and  habits  of  the  species 
for  the  same  region. 

Part  n  gives  a  consideration  of  three  species  injurious  to  lunbellifer- 
ous  truck  crops.  The  first  paper  of  this  part,  on  the  parsnip  leaf- 
miner  (Acidia  fratria  Loew),  gives  a  concise  account  of  this  insect 
with  some  original  notes  on  its  biology  and  suggestions  for  its  control. 
The  second  paper,  on  the  parsley  stalk  weevil  (Listronataa  latiusculus 
Boh.),  gives  the  results  of  original  observations  conducted  on  this 
insect  in  the  vicinity  of  the  District  of  Colmnbia;  indeed,  it  is  the 
first  account  of  this  species  which  has  been  published.  For  the 
control  of  this  insect,  which  is  only  a  pest  under  certain  conditions,  the 
abandonment  of  the  culture  of  pardey  is  recommended  for  a  i^ort 
period  until  the  insect  disappears.  The  third  article,  on  the  celery 
caterpillar  {PapUio  polyxenes  Fab.)  makes  no  claim  to  originality,  but 
introduces  the  first  account  with  good  illustrations  of  this  well-known 
insect  which  has  been  published  by  the  Department  of  Agriculture. 

Part  III  is  devoted  to  two  insects  injurious  to  beans  and  peas. 
The  first  of  these  insects  is  the  lima-bean  pod-borer  (EtieHa  zmck- 
eneOa  Treit.).  The  account  here  given  is  the  first  record  of  the 
occurrence  of  this  imported  insect  as  a  pest  in  America,  although  we 
have  reports  of  injury  as  far  back  as  1885.  The  second  article,  on 
the  yeliow-necked  fiea-^beetle  (JHaowycha  TneUicoOia  Say),  embodies  all 
the  information,  recently  furnished  by  agents  and  correspondents  of 
the  bureau,  that  has  been  gained  in  regard  to  a  species  which  is 
widely  distributed  from  New  York  to  Texas,  especially  along  the 
Atlantic  coast. 
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Port  IV,  on  the  life  history  and  control  of  the  hop  flea-beetle 
(JPsyUiodes  punctvlata  Melsh.),  a  species  injurious  to  sugar  beet  and 
m&ny  vegetable  crops,  as  well  «is  hops,  is  supplementary  to  an  article 
on  the  same  species  published  as  Bulletin  66,  Part  VI.  From  the 
standpoint  of  the  occurrence  of  the  insect  in  British  Columbia,  where 
the  particular  observations  were  made,  the  insect  is  treated  in  detail 
with  special  reference  to  all  of  the  remedies  which  have  been  sug- 
gested, leaving  little  remaining  to  be  learned  about  the  species  at  the 
present  time. 

Part  V  considers  the  yellow-bear  caterpillar  (Diacriaia  virginioa 
Fab.)  in  its  occurrence  in  Colorado  during  1909.  Details  of  experi- 
ments with  remedies  are  furnished,  showing  that  arsenicals  were  not 
entirely  satisfactory.  Additional  experiments  should  be  conducted 
when  another  outbreak  of  this  species  occurs. 

The  articles  which  comprise  Part  VI,  namely,  ''Notes  on  the 
Cucumber  Beetles"  and  ''Biologic  Notes  on  Species  of  Diabrotica 
in  Southern  Texas,''  give  information  in  regard  to  five  hitherto  little 
known  species  of  Diabrotica  injurious  in  southern  Texas,  with  obser- 
vations on  two  common  species^— the  striped  cucumber  beetle  and  the 
12-6potted  cucumber  beetle — ^in  their  occurrence  in  the  same  region. 
The  papers  are  chiefly  devoted  to  data  in  regard  to  injurious  occur- 
rences, food  plants,  feeding  habits,  life  histories,  and  the  second 
includes  experiments  with  remedies,  arsenate  of  lead  in  combination 
with  Bordeaux  mixture  having  furnished  good  results  in  the 
treatment  of  some  of  these  species. 

The  bulletin  is  concluded  by  Part  VII,  entitled  "Notes  on  Various 
Truck-Crop  Insects."  Under  the  heading,  "On  the  Natural  Enemies 
of  the  Colorado  Potato  Beetle,"  four  unrecorded  insect  enemies  are 
treated,  a  list  of  wild  bird  enemies  is  referred  to,  the  chipping  spar- 
row is  added  as  a  new  enemy,  and  attention  is  directed  to  the  efficacy 
of  the  guinea  fowl  in  the  destruction  of  the  potato  beetle.  Notes  on 
the  potato  stalk  weevil  include  a  note  showing  that  Trichobaria 
trinotata  Say  may,  at  least  exceptionally,  pass  the  winter  as  larva 
or  pupa  instead  of  as  beetle.  Mention  is  made  of  three  species  of 
maggots  previously  unrecorded  as  affecting  yams.  The  gregarious 
habit  of  some  common  blister  beetles  is  described  and  mention  is 
made  of  an  effective  method  of  destroying  them,  namely,  by  dis- 
lodging them  from  the  plants  attacked  into  pails  in  which  kerosene  is 
floating  on  water. 

F.  H.  Chittenden, 
In  Charge  of  Truck  Crop  and  Stared  Product  Insect  ItweeHgations. 
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THE  COLORADO  POTATO  BEETLE  IS  VIRGimA  IS  1908. 

By  C.  H.  PoPENOE,  Agent  and  Expert. 

[In  cooperation  with  the  Virginia  Truck  Experiment  Station.] 

INTBODUCTION. 

The  tidewater  region  of  Virginia,  which  comprises  Norfolk,  Princess 
Anne,  Nansemond,  and  Isle  of  Wight  counties  on  the  western  and 
southern,  and  Northampton  and  Accomac  counties  on  the  eastern 
shore  of  the  Chesapeake  Bay,  is  probably  the  greatest  center  for  the 
production  of  early  potatoes  in  the  eastern  United  States.  The 
value  of  the  potato  crop  shipped  from  these  counties  approaches 
$6,000,000  annuaUy.  Two  crops  are  raised  over  a  small  portion  of 
this  area,  while  over  the  greater  part,  including  the  counties  of  Nor- 
folk and  Princess  Anne,  only  a  single  planting  is  made,  the  potatoes 
being  planted  during  the  latter  part  of  February  and  the  first  of 
March,  and  the  crop  of  new  potatoes  being  harvested  in  June.  As 
this  crop  is  not  carried  through  to  maturity,  new  potatoes  being  the 
desired  product,  the  action  of  the  late  blight  is  ;iot  apparent  until  the 
crop  is  ready  to  harvest  and  is,  therefore,  given  little  consideration  as 
a  pest.  As  the  early  blight  does  little  injury  to  the  plants,  the 
Colorado  potato  beetle  (Leptinotarsa  decemlineata  Say)  becomes  the 
worst  drawback  to  the  culture  of  the  potato  in  this  locality.  The 
long  growing  season  and  the  inefficient  methods  employed  for  the 
control  of  this  insect  pest  afford  it  an  unusual  opportunity  for  injury 
over  a  wide  area.  In  only  a  few  cases  are  effective  methods  of 
application  practiced,  and  for  this  reason  demonstration  and  experi- 
mental work  have  been  thought  advisable  for  the  locality. 

STATUS  OF  THE  POTATO  BEETLE  IN  VIBGINiA. 

Owing  to  the  employment  of  negro  labor  and  the  scarcity  of  capable 
white  help  the  methods  for  the  control  of  the  potato  beetle  over  this 
area  are  necessarily  crude.  While  the  insects  are  in  hibernation  no 
effort  is  made  for  their  destruction,  the  first  attempt  to  control  the 
species  being  the  hand  picking  of  hibernated  beetles  from  the  vines 
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by  negro  children.  Afterwards  the  vines  are  dusted  with  land 
plaster  and  Paris  green,  applied  by  shaking  a  burlap  sack,  filled  with 
the  mixture,  over  the  plants  which  seem  to  be  the  worst  affected. 
As  a  result  of  the  imperfect  application  of  the  arsenical  the  crop  is 
only  partiaUy  freed  from  the  insects  and,  as  the  application  is  never 
made  imtil  the  injury  of  the  first  generation  or  brood  of  larv»  becomes 
very  apparent,  the  vines  are  not  entirely  free  from  the  injurious 
effects  of  imtimely  defoliation.  In  many  places,  also,  the  plants  are 
seriously  checked  through  the  injury  caused  by  the  beetles,  which 
entirely  defoliate  the  young  shoots  as  they  are  coming  through  the 
earth,  in  many  cases  eating  them  off  level  with  the  ground  or  below 
the  surface.  Seed  potatoes  which  remain  partially  above  ground  are 
also  rapidly  devoured  by  the  beetles. 

After  the  larvae  or  young  commence  to  appear,  the  plants  showing 
the  greatest  injury  are  treated  with  the  dust,  this  application  usually 
being  held  sufficient  for  some  time.  The  land-plaster  application  is 
from  three  to  four  times  as  expensive  as  a  Paris-green  spray  of  equal 
strength,  and  in  several  cases  in  the  Norfolk  region  the  application  of 
the  unnecessary  plaster  to  the  already  acid  soil  has  produced  a  state 
of  disease  in  the  cabbage  crop  following  the  potatoes  which  has 
lessened  the  production  to  a  considerable  degree.  In  the  case  of  a 
spray  this  acidity  is  not  imparted  to  the  soil  and  injury  to  cabbage  is 
thus  avoided. 

In  that  part  of  Virginia  immediately  adjacent  to  the  District  of 
Columbia  the  growing  of  potatoes  is  less  important  commerciaUy 
than  in  the  Norfolk  region,  and  while  the  beetle  is  a  serious  pest 
always,  the  smaUer  acreage  of  potatoes  grown  renders  the  control  of 
the  insect  much  more  easily  accomplished. 

LIFE  HISTORY  AND  HABITS. 

In  general,  the  life  history  of  the  Colorado  potato  beetle  in  Vir- 
ginia agrees  with  the  description  already  published  by  Doctor  Chit- 
tenden.* In  specimens  reared  in  confinement  in  the  insectary  at 
Washington  and  in  outdoor  cages  at  Norfolk  in  1908,  three  genera- 
tions or  broods  Were  reared  during  the  summer,  and  very  young  larvae 
have  been  seen  on  tomato  at  Norfolk  as  late  as  the  latter  part  of 
August  and  the  1st  of  September.  The  period  of  aestivation  which 
generaUy  follows  the  second  generation  in  this  species  was  shortened 
to  four  days  in  the  beetles  which  were  carried  through  the  stages  at 
Norfolk.  These  beetles  issued  from  eggs  collected  from  the  first 
generation  May  26.  The  larvae  pupated  June  20  and  issued  as  adults 
June  28.  After  feeding  until  July  3  the  beetles  burrowed  into  the 
soil,  forming  cells,  where  they  remained  for  a  period  of  four  days, 

a  Cir.  No.  87,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1907. 
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Plate  I. 


Fio.  1.— The  Colorado  Potato  Beetle  (Leptinotarsaoecemlineata)  Attacking  Seed 
Potato  in  Ground,  Churchlano,  Va.    (Original.) 


*y:^ri'^    '^is 


FiQ.  2.— Young  Potato  Plant  Defoliated  by  Colorado  Potato  Beetles. 
Twenty  beetles  sometimes  on  plants  this  size.    Nearly  natural  size.    (Original. ) 
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coming  after  this  time  to  the  surface,  where  the  third  generation  of 
^gs  was  deposited  three  days  later.  Owing  to  a  scarcity  of  proper 
food  at  this  time  this  third  generation  was  not  well  cared  for,  and  as 
only  three  mutilated  specimens  reached  maturity  the  experiment 
was  closed.  This  record,  however,  verified  the  existence  of  a  third 
generation,  concerning  which  there  has  been  some  doubt. 

The  beetles  issue  from  hibernation  in  the  soil,  where  they  pass  the 
winter  in  the  adult  stage,  some  time  during  the  first  two  weeks  of 
April,  as  the  earliest  potato  plants  begin  to  appear  above  the  soil, 
and  begin  to  feed  upon  these  young  shoots  before  producing  eggs, 
which,  however,  are  soon  deposited.  In  many  cas  s  from  six  to 
twelve  beetles  may  be  seen  on  a  single  plant,  which  is  likely  to  be 
completely  defoliated  if  not  entirely  destroyed.  As  many  as  20 
beetles  are  sometimes  seen  on  a  single  shoot,  and  where  they  occur 
in  such  numbers  the  plant  is  very  apt  to  be  eaten  off  close  to  the 
ground  if,  indeed,  the  beetles  do  not  follow  the  stem  into  the  earth. 
It  is  at  this  time  that  the  attack  of  the  adults  is  most  severe  and  the 
plant  is  greatly  weakened  by  such  injiuy.     (See  PI.  I.) 

After  the  plants  reach  a  considerable  size  the  damage  done  by  the 
larvffi  becomes  most  apparent,  large  plants  being  defoliated.  At 
this  time  the  poison  is  usually  applied  to  the  plants  showing  the 
greatest  injiuy  and  a  majority  of  the  larvae  are  destroyed. 

The  beetles  which  pass  through  the  winter  are  usually  those  of  the 
third  generation.  These  seem  to  do  very  little  injury  to  the  second 
crop  of  potatoes,  which  is  generally  quite  free  from  damage  and 
rarely  needs  treatment  for  insect  attack.  It  would  thus  appear  that 
the  beetles  coming  from  this  generation  hibernate  after  the  first  crop 
with  but  few  exceptions  and  remain  in  hibernation  until  the  following 
year.  A  few  of  the  beetles  may  be  seen  occasionally  upon  second- 
crop  and  volunteer  potatoes,  but  no  eggs  are  deposited,  the  entire 
injury  being  accomplished  by  the  adults.  Unquestionably  many  of 
these  perish  during  the  long  period  of  hibernation  and,  on  warm 
spring  days  with  an  oflFshore  wind,  great  numbers  of  the  hibernated 
individuals  are  blown  or  carried  out  to  sea,  where  they  perish,  the 
beach  after  such  a  time  being  frequently  covered  with  windrows  of 
the  dead  beetles.**  Notwithstanding  these  facts,  a  suflBcient  number 
survives  to  make  the  insect  the  pest  that  it  is,  although  the  destruction 
in  this  maimer  must  serve  as  a  temporary  check  to  the  increase 
of  the  species. 

INSECT  ENEMIES. 

The  insect  enemies  of  the  potato  beetle  were  very  little  in  evidence 
in  tidewater  Virginia  during  the  season  of  1908.  Podisus  maculi- 
ventris  Say  was  noted  and  the  usual  tachinid  parasitization  was 

o  This  statement  is  substantiated  by  similar  observations  by  Dr.  A.  D.  Hopkins 
and  Mr.  E.  A.  Schwarz,  of  the  Bureau  of  Entomology. 
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present,  but  at  a  very  low  figure,  eggs  being  seen  on  only  3  to  4  per 
cent  of  the  larvae.  Harpaline  ground-beetles  were  abundant  and 
Lehia  grandis  Hentz  was  undoubtedly  a  factor  in  keeping  down  the 
great  increase  of  the  potato  beetle. 

REMEDIES. 

With  regard  to  remedies,  a  considerable  number  of  experiments 
was  performed  with  a  view  to  discovering  the  cheapest  and  most 
effective  insecticide  for  controlling  the  potato  beetle.  Several  plats, 
consisting  of  one-tenth  of  an  acre  each,  were  prepared  for  testing  the 
effects  of  the  poisons  on  the  plants  and  on  the  larvae.  An  insight 
into  the  methods  of  research  by  which  the  results  were  obtained  may 
be  of  value  to  the  investigator,  and  a  somewhat  detailed  accoimt  of 
the  experiments  with  insecticides  is  given. 

EXPERIMENTS   WITH   INSECTICIDES. 

A  plat  of  about  1}  acres  was  selected  early  in  the  season  and  planted 
to  potatoes,  a  single  variety  being  used.  The  plat  was  divided  into 
rows  of  such  a  length  as  to  contain  one-fortieth  of  an  acre,  four  of  these 
rows  constituting  a  test  plat  of  one-tenth  of  an  acre.  The  plat  was 
allowed  to  become  thoroughly  infested  by  beetles  and  larvae  in  several 
stages.  The  various  plats  were  then  numbered  and  treated  with  the 
different  insecticides.  The  fertilizer  treatment  was  the  same  in  all 
cases,  and  as  the  ground  on  which  the  potatoes  were  planted  was 
new,  the  yield  could  not  have  been  affected  by  a  residue  of  fertilizer 
remaining  in  the  soil  from  the  previous  year.  The  poisons  were 
applied  with  a  knapsack  sprayer. 

Experiment  No,  1. — One-half  pound  white  arsenic  and  2  pounds  sal 
soda  were  boiled  together  in  one-half  gallon  of  water  until  dissolved. 
The  mixture  was  used  in  the  proportion  of  1  pound  of  arsenic  to  50 
gallons  of  water,  with  the  addition  of  6  pounds  of  lime  per  50  gallons 
of  solution,  and  was  applied  about  10  a.  m. 

Twenty-four  hours  after  spraying,  the  plat  was  examined  and  no 
living  beetles  or  larvae  could  be  found.  At  this  time  no  damage  to  the 
foliage  was  apparent  as  a  result  of  the  arsenic,  but  two  days  later  the 
potatoes  showed  extensive  burning  and  scalding.  The  foliage  was 
almost  entirely  killed  by  this  application,  and  some  time  was  required 
for  the  plants'  recovery. 

Arsenic  in  this  form  is  a  very  cheap  insecticide  but,  on  account  of 
its  effect  on  the  plants,  could  not  be  used,  although  extremely 
effective  in  destroying  the  leaf-feeding  insects. 

Experiment  No,  j?.— Commercial  arsenate  of  lead  was  applied  with 
Bordeaux  mixture.  Five  pounds  arsenate  of  lead  paste  with  4  pounds 
of  copper  sulphate  and  6  pounds  fresh  lime  were  used  in  50  gallons  of 
water.  The  day  was  bright  and  clear  with  a  southwest  wind  and  a 
temperature  of  85**  F. 
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Examination  the  following  day  showed  no  living  larvae  present  on 
the  vines.  A  small  number  of  dead  larvae  still  clung  to  the  stems  in 
some  places.  No  injury  to  the  foliage  was  seen  nor  did  any  afterwards 
appear. 

Experiment  No,  3. — Arsenate  of  lead  was  applied  at  the  rate  of  6 
pounds  to  50  gallons  of  water.  The  day  was  bright,  with  a  tempera- 
ture of  87°  F.  and  a  southwest  breeze. 

An  application  of  this  strength  resulted  in  destroying  85  to  90  per 
cent  of  the  larvae  in  twenty-four  hours,  and  all  of  the  larvae  in  forty- 
eight  hours.  No  injury  as  a  result  of  the  poison  was  seen  at  this  time 
or  later. 

Experiment  No,  4- — For  this  plat,  Paris  green  without  lime  was  used 
at  the  rate  of  4  pounds  to  50  gallons  of  water.  The  weather  was  as 
in  Experiment  No.  3. 

Twenty-four  hours  later  the  mortality  of  the  larvae  had  reached  80 
to  85  per  cent.  The  remainder  of  the  larvae  were  in  a  dying  condition 
and  no  damage  to  the  vines  was  noted  at  this  time  as  a  result  of  the 
arsenic.  By  the  next  day,  however,  some  traces  of  burning  were  to 
be  seen  although  not  of  a  serious  nature.  The  larvae  were  by  this 
time  thoroughly  exterminated  on  the  plat. 

Experiment  No.  5. — This  plat  was  sprayed  with  a  Paris-green  mix- 
ture, consisting  of  3  pounds  of  Paris  green  with  Bordeaux  mixture, 
composed  of  4  pounds  copper  sulphate,  6  pounds  of  lime,  and  50  gal- 
lons of  water.  The  day  was  bright,  with  a  temperature  of  85°  F.  The 
mixture  was  applied  thoroughly  and  remained  on  the  leaves  well. 

An  examination  of  the  plants  forty-eight  hours  after  treatment 
showed  no  injury  to  the  leaves  of  the  potatoes,  while  the  larvae  had 
succumbed  to  the  poison,  the  vines  being  completely  cleared. 

Experiment  No,  6, — This  plat  was  treated  with  a  mixture  of  Paris 
green  and  land  plaster  at  the  rate  of  1  pound  of  Paris  green  to  50 
pounds  of  plaster,  the  mixture  being  put  in  a  coarse  burlap  bag  and 
sifted  over  the  plants  by  a  negro  laborer  in  the  usual  plantation 
manner,  the  amount  of  dust  used  being  at  the  rate  of  320  pounds  per 
acre.  The  wind  prevailing  at  the  time  carried  a  large  part  of  the  dust 
from  the  plat  as  it  was  applied,  but  the  portion  remaining  >vas  suffi- 
cient to  thoroughly  destroy  the  larvae  by  forty-eight  hours  afterwards. 

This  mixture  killed  90  per  cent  of  the  larvae  during  the  first  twenty- 
four  hours,  and  is  very  effective  in  controlling  the  potato  beetle. 

Experiment  No,  7, — To  this  plat  Paris  green  powder  was  appUed, 
mixed  with  lime  at  the  rate  of  1  pound  Paris  green  to  10  pounds 
sifted  air-slaked  lime.  The  mixture  was  applied  with  a  powder 
bellows  early  in  the  morning  and  the  application  was  at  the  rate  of  30 
pounds  per  acre. 

Twenty-four  hours  later  all  of  the  larvae  had  been  destroyed. 
Extermination  was  complete,  with  no  injury  to  the  foliage.  This 
mixture  seems  superior  to  the  plaster  mixture  used  in  experiment 
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No.  6.  The  application  was  much  more  thorough,  although  barely  10 
per  cent  of  the  amount  of  mixture  used  in  the  previous  experiment 
was  applied.  This  would  greatly  lessen  the  quantity  of  the  acid- 
producing  material,  the  use  of  Ume  as  a  base  for  the  powdered  arsenic 
tending  to  correct  any  acidity  in  the  soil  instead  of  increasing  the  acid 
content.  Moreover,  the  cost  of  this  appUcation  is  much  less,  as  it 
can  be  applied  at  a  cost  of  about  $1.20  per  acre,  while  the  cost  of  the 
usual  mixture  is  about  $4.20  per  acre.  The  efficiency  of  the  mixtures 
is  about  equal  in  either  case. 

Experiment  No.  8. — In  this  plat  arsenite  of  copper  was  applied  at 
the  rate  of  4  pounds  to  50  gallons  of  water.  The  poison  was  appUed 
without  lime.  The  weather  was  bright  and  warm  with  a  northeast 
wind. 

This  poison  proved  equally  effective  with  Paris  green  used  in  the 
same  quantity  but  differed  in  that  no  damage  to  the  f oUage  was  noted 
as  a  result  of  the  application.     The  larvse  were  entirely  destroyed. 

Experiment  No,  9. — Arsenite  of  copper,  4  pounds,  to  6  pounds  of 
Ume  in  solution  with  50  gallons  of  water  was  sprayed  on  this  plat. 
Tliis  appUcation  was  quite  effective  and  at  no  time  produced  burning 
of  foUage  as  an  after-effect  of  the  arsenic. 

The  check  plat  was  severely  defoUated  by  the  beetles  and  larvae 
and  was  undoubtedly  injured  by  the  neglect  of  spraying.  The  yield 
of  potatoes  from  this  plat  was  considerably  less  than  that  of  the 
properly  sprayed  plats. 

SUMMARY   OF   EXPERIMENTS. 

The  following  table  will  show  the  results  of  experiments  with  vari- 
ous insecticides : 


10 


Date. 


Insecticide  used.       |  Effect  on  plant. 


1     May  28     Arsenite  of  lime j  Badly  buraed.. 


May  27 
May  2G 

May  26 
May  27 


May  26 
May  27 

June  17 

June  14 

May  26 


Arsenate  of  lead  with  !  None... 

Bordeaux  mixture.    ' 
Arsenate  of  lead do. . 


Paris    green    without     Slight  burning . 

lime.                            I 
Paris  green  With  Bor-  ; do 

deaux  mixture.  i 


Paris  green  dust  wit'.i    do. . 

land  plaster.               i 
Paris  green  dust  wit'i  ' do.. 

lime. 


Effect  on  insect. 


Remarks. 


Entirely  destroyed  In 
24  hours. 


Entirely  destroyed  in 

48  hours. 
All  killed  in  48 hours.. 


Very  effective. . 
do 


.do.. 


Arsenite  of  copper do.. 


Arsenite  of  copper  with 
lime. 


None. 


.do.. 


98  per  cent  destroyed. 

Very  effective 

do 


Check. 


Check. 


Damage  to  plants  too 
gre^t  to  permit  its 
use,  although  cheap- 
est preparation  of 
those  employed. 

Excellent  yield  from 
plat  so  treated. 

Applied  at  rate  of  6 
pounds  to  50  gallons 
water. 

4  pounds  to  50  galloDS 
water. 

3  pounds  Paris  green  to 
4-(>-50  Bordeaux 
mixture. 

4  pounds  Paris  green  to 
ton  land  plaster. 

1  pound  Paris  green  to 
10  pounds  air-slaked 
lime. 

4  pounds  arsenite  of 
copper  to  50  gallons 
water  without  lime. 

4  pounds  arsenite  of 
copper  with  6  pounds 
lime  to  50  gallons 
water. 

Beetles  very  injurious 
June  14. 
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THE  TRACTION    POWER    SPRAYER    IN    USE. 

On  several  occasions  a  large  traction  power  sprayer,  working  at  a 
pressure  of  from  90  to  150  pounds,  was  used,  operating  on  5  or  6  rows 
at  a  time.  The  application  with  this  machine  was  very  effective, 
the  plants  being  thoroughly  sprayed  above  and  from  below,  and 
were  thus  completely  covered  with  the  mixture.  With  from  2  to  4 
pounds  of  Paris  green  to  50  gallons  of  water  this  machine  did  very 
effective  work  in  the  control  of  the  larvae  in  large  plats  of  from  30  to 
50  acres. 

This  machine  was  used  for  demonstration,  as  the  small  sprayers 
employed  in  the  locality  are  usually  of  such  a  type  as  to  apply  the 
insecticide  at  a  very  low  pressure;  in  fact,  doing  Uttle  better  than 
merely  sprinkling  the  upper  surface  of  the  vines.  It  is  hoped  that 
the  truckers  will  take  advantage  of  this  practical  demonstration  to 
the  extent  of  purchasing  similar  high-grade  machines  for  doing  this 
work.  The  work  done  by  the  traction  dust  distributors  is  of  value, 
but  on  account  of  the  higher  cost  of  the  insecticide  applied  in  the  form 
of  dust  it  is  desirable  that  sprayers  should  replace  the  dusters,  even 
without  considering  damage  to  later  crops  resulting  from  the  use  of 
land  plaster.  If  lime  should  replace  the  plaster  in  this  mixture,  at 
least  for  a  time,  the  resultant  acidity  of  the  soil  would  be  counter- 
ac4-ed  and  more  favorable  soil  conditions  would  follow,  thus  preventing 
fertilizer  injury  from  this  source. 

The  amount  of  lime  distributed  by  a  properly  combined  spray  of 
Bordeaux  mixture  or  of  Paris  green  with  lime  is  a  negligible  quantity 
in  any  case,  while  a  decidedly  beneficial  effect  is  noted  as  a  result  of 
Bordeaux  mixture  applications,  the  yield  being  increased  by  from  40 
to  50  bushels  per  acre  in  several  experiments  conducted  by  the  New 
York  (Geneva)  station.®  Paris  green  is  admitted  to  possess  about 
one-fourth  the  fungicidal  value  of  Bordeaux  mixture,  but  applied 
alone  is  quite  likely  to  injure  the  vines,  while  Bordeaux  mixture  seems 
to  prevent  injury  by  any  arsenical  applied  with  it,  even  in  the  case 
of  white  arsenic-sal  soda  mixture.  It  has  also  been  noted  that  the 
potato  beetles  dislike  plants  sprayed  with  Bordeaux  mixture  and 
when  ready  to  oviposit  leave  such  plants  for  those  which  have  not 
been  so  treated.  Both  Paris  green  and  arsenate  of  lead  have  yielded 
very  satisfactory  results  as  applications  for  killing  beetles  already  on 
the  plants,  while  the  Bordeaux  mixture  acts  as  a  repellent.  The  cost 
of  material  and  expense  of  application  for  a  Paris  green  or  arsenate 
of  lead  spray,  with  Bordeaux  mixture,  is  about  95  cents  per  acre, 
while  the  application  of  Paris  green  and  land  plaster  by  plantation 
methods  costs  nearly  $4.20  per  acre.  The  value  of  the  copper  unit, 
one  of  the  active  constituents  of  Bordeaux  mixture,  as  a  fungicide 

oBuH.  290,  Ne^  York  (Geneva)  Agr.  Exp.  Sta.,  1907^ 
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develops  in  the  spraying  solution  but  is  not  freed  in  the  dust  applica- 
tion, and,  again,  the  dust  does  not  adhere  to  the  leaves  as  well  as 
does  a  liquid  application.  If  arsenate  of  lead  is  the  insecticide 
chosen,  its  adhesive  qualities  increase  its  value  since  it  adheres  much 
longer  to  the  foliage  in  wet  weather  than  has  any  other  mixture  yet 
tested,  thus  making  frequent  appUcations  imnecessary. 

In  the  case  of  newly  cleared  land,  which  is  frequently  planted  in 
potatoes  as  the  first  crop,  it  may  be  necessary  to  use  a  hand  sprayer, 
or  even  a  dusting  bag,  'as  the  presence  of  tree  stumps  (PL  II)  seriously 
interferes  with  the  effective  use  of  power  sprayers,  but  where  possible  it 
is  desirable  to  make  use  of  large  machines  for  spraying,  thus  lessening 
the  cost  of  application  and  increasing  to  a  greater  degree  the  effi- 
ciency of  the  remedial  measures.  The  cost  of  a  good  power  sprayer, 
properly  equipped  for  effective  work  on  potatoes,  varies  from  $75  to 
$125,  which  amoimt  would  easily  be  saved  in  the  space  of  one  season 
by  the  increased  yield  in  the  potatoes  treated,  where  a  sufficient 
number  of  potatoes  is  grown  to  justify  the  employment  of  a  power 
sprayer.  As  experiments  have  shown  that  treatment  at  least  three 
times  during  the  growth  of  the  vines  is  well  repaid  by  the  increase  in 
yield,  a  means  of  covering  the  planted  areas  rapidly  and  effectively 
is  highly  desirable,  and  the  larger  spray  outfits  are  well  adapted  to 
this  work. 

CONCLUSION. 

In  conclusion,  it  is  suggested  that  at  least  three  thorough  applica- 
tions of  Paris  green,  or  arsenate  of  lead,  with  Bordeaux  mixture  be 
made,  the  first  applied  about  the  time  that  the  first  eggs  begin  to 
hatch  and  the  later  applications  at  intervals  of  about  three  weeks. 
By  this  method  the  beetles  should  be  easily  controlled  and  the  injury 
therefrom  almost  entirely  obviated. 
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THE  PARSNIP  LEAF-MINER. 

{Acidia  fralria  Loew.) 

By  F.  H.  Chittenden,  Sc.  D. 
In  Charge  of  Tnich  Crop  and  Stored  Product  Insect  Investigatiom. 

INTBODXJCTION. 

Since  the  year  1903  this  species,  hitherto  considered  rare,  has 
made  its  appearance  nearly  every  year  in  the  District  of  Columbia 
in  such  considerable  numbers  that  by  July  beds  of  parsnip  are  found 
so  extensively  infested  by  the  maggot  or  larva  that  at  least  25  per 
cent  of  the  leaves- are  sometimes  destroyed.  The  leaves  show  mines 
of  varying  sizes,  from  that  of  a  dime  to  others  covering  the  greater 
portion  of  a  leaf.  In  1906  and  1907  the  species  could  not  be  found 
in  the  District  of  Columbia,  but  it  returned  in  1908.  A  more  com- 
plete account  than  has  hitherto  been  available  of  the  insect  is  here* 

with  presented. 

EARLY  HISTOBY. 

Our  first  knowledge  of  the  existence  of  this  species  as  an  enemy 
to  crop  plants  was  published  in  1895  in  a  short  illustrated  note  by 
Mr.  D.  W.  Coquillett.^  At  that  time  it  was  recorded  as  having 
attacked  parsnip  leaves  at  Cadet,  Mo.,  in  June,  1891.  The  leaves 
had  been  quite  extensively  mined,  and  three  adults  were  reared  June 
23,  proving  to  be  Trypeta  fratria,  as  it  was  then  known. 

In  1899,  Mr.  R.  W.  Doane  published  a  note  on  this  species, '^ 
recording  its  rearing  from  Ileracleum  from  Almota,  Wash.,  and  its 
occurrence  at  Pullman,  Wash.  He  considered  Thomson's  liogaster 
the  same  species,  and  stated  also  that  our  species  may  be  identical 
with  the  European  Acidia  (Trypeta)  heraclei  L.,  or  celery  leaf -miner, 
said  to  be  a  destructive  enemy  of  celery  in  England. 

DESCRIPTION. 

The  fly: — The  mature  fly  in  life  is  a  beautiful  object.  Its  body  is 
pale  yellow,  as  are  also  the  legs;  the  abdomen  is  pale  green,  and  the 
wings  are  beautifully  ornamented  with  yellow  alternating  with 
white,  forming  the  pattern  shown  in  figure  1,  a.  Near  the  middle  of 
the  anterior  margin  of  the  wings  there  is  a  dusky,  nearly  black  spot, 

a  Insect  Life,  Vol.  VII,  p.  383. 

ft  Journ.  New  York  Ent.  Soc.,  Vol.  VII,  p.  178. 
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while  in  the  corresponding  position  on  the  posterior  margin  there  is 
a  paler  dusky  spot  two  or  three  times  as  large.  The  head  is  yellow, 
and  the  eyes  large  and  briUiant  green  with  bluish  reflections.  The 
ovipositor  varies  from  yellow  to  black.  None  of  these  colors  is  so 
bright  in  preserved  specimens.  The  length  of  the  body  is  about 
three-sixteenths  of  an  itich  (5  mm.),  and  the  wing  expanse  is  seven- 
sixteentlis  of  an  inch  (11  mm.). 

Tlie  larva,  or  maggot  (fig.  1,  6). — The  larva,  or  maggot,  is  of  the  usual 
form  of  the  Trypetida?,  measuring  about  five  times  as  long  as  wide. 
It  is  nearly  transparent,  except  in  the  interior  portions,  where  it  is 
yellowish.  The  contents  of  the  abdominal  cavity  appear  greenish 
through  the  skin.  The  length  of  the  body  is  7  mm.  and  the  width 
1.4  mm.     The  anal  segment  of  the  larva  as  seen  from  the  extreme  end 

is  illustrated  at  fig- 
ure 1 ,  c. 

The  puparium. — 
The  larva  when  full 
grown  contracts  and 
hardens,  forming  a 
coarctate  pupa  or 
puparium  (fig.  1,  d), 
serving  the  purpose 
of  a  cocoon  in  inclos- 
ing the  true  pupa. 
In  the  present  spe- 
cies, as  with  others 
of  this  group  which 
have  been  studied, 
the  form  is  oval  in 
outline,  imperfectly 
cylindrical,  and  ta- 
pering almost  equally  at  both  ends.®  The  lower  surface  is  somewhat 
flattened  and  attached  to  the  leaf  by  a  viscid  secretion.  The  length  is 
twice  the  width  and  the  color  pale  green  when  first  formed,  changing  to 
straw  color  witli  greater  age.  The  body  is  com{)osed  of  1 1  strongly 
marked  segments.  The  mouth-parts  are  retracted  within  the  pupal 
skin,  and  tlie  cephalic  or  thoracic  appendages  (spiracles  or  tracheae)  are 
well  indicated,  forming  two  arcs,  together  equivalent  to  about  two- 
thirds  of  a  circle  (fig.  1,  e).  The  spiracles  are  very  minute  and 
difficult  to  count,  but  there  are  evidently  between  21  and  24  on  each 
side  (fig.  1,  jr),  the  probabilities  being  that  there  is  no  constancy  as 
regards  the  number.     The  length  is  4.5  mm.  and  the  width  2.25  mm. 


FlQ.  1.  The  parsnip  leaf-miner  (Acidiafratria):  a,  Fly;  b,  larva,  lateral 
view;  c,  anal  segments  of  same;  d,  puparium;  e,  cephalic  extremity; 
/,  anal  extremity;  (7,  row  of  cephalic  spiracles;  ^,  anal  spiracles.  a,b,d, 
Much  enlarged,  remainder  more  enlarged.  (After  Coqulllett,  except 
6,  c,  original.) 


a  The  writer  fails  to  see  how  the  Trypetid  pupa  can  be  described  aa  ^'barrel-ahaped," 
as  is  done  by  many  writers. 
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The  anal  extremity  is  illustrated  at/,  figure  1,  and  the  anal  spiracle 
at  h. 

As  long  ago  as  1873  Osten  Sacken  assigned  this  species  to  typical 
Acidia,  but  it  has  been  generally  known  as  Trypeta  fratria.  The 
following  short  technical  description  is  quoted  from  Osten  Sacken." 

Clay-yellow,  stature  short  and  somewhat  broad,  with  four  bristles  on  the  sou- 
tell  um;  wings  with  yellowish-brown  rivulets,  which  enclose  an  oval,  hyaline  spot 
before  the  end  of  the  discal  cell;  the  end  of  the  fourth  longitudinal  vein  is  not  curved 
forwards. 

DISTBIBXJTION. 

The  localities  recorded  for  Acidia  fratria  are  comparatively  few, 
considering  the  fact  that  the  species  is  not  really  rare.  Osten  Sacken 
gave  "Atlantic  States.^^  Thomson  found  it  in  California,  and  others 
have  recorded  its  occurrence  in  Missouri,  Washington,  andXew  Jersey. 
To  this  must  be  added  the  District  of  Columbia.  The  above  evi- 
dently indicates  a  moderately  wide  distribution,  especially  if  the 
species  should  prove  to  be  the  same  as  heraclei  L.,  common  to  both 
continents.  At  least  it  extends  across  the  continent  from  the  Atlantic 
seaboard  to  the  Pacific  Ocean. 

BIOLOGIC  NOTES. 

While  new  data  have  been  obtained,  the  life  history  is  still  incom- 
plete. The  fly  has  not  been  observed  depositing  its  eggs,  and  the 
egg  and  method  of  oviposition  therefore  remain  unknown.  The  fact 
that  the  mines  always  extend  to  the  margin  of  the  leaf  affords  an  indi- 
cation that  the  eggs  are  deposited  at  least  near  the  margin,  and  the 
fact  that  the  larvae  when  full  grown  have  usually  worked  down  ii^to 
the  end  of  the  leaf  nearest  the  leaf-stalk  (see  fig.  2,  a)  shows  that  the 
egg  is  probably  deposited  in  most  cases  near  the  other  end  or  apex  of 
the  leaf. 

The  larvae  under  observation  in  1903  began  to  attain  maturity  July 
19,  the  adults  issuing  in  August.  Material  under  observation  in  1908 
transformed  to  pupse  May  22  and  the  first  adults  issued  June  6,  the 
pupal  period  having  been  passed  in  fourteen  days. 

While  these  insects  usually  form  puparia  in  the  old  larval  mines,  in 
many  cases  also  they  desert  the  mines,  especially  small  ones,  and  form 
separate  puparia  in  the  same  or  other  leaves.  Mines  are  more  often 
found  with  two  or  three  larvae  or  puparia  within  than  with  a  single 
inhabitant,  and  as  many  as  eight  have  been  counted  on  a  single  leaf. 
To  the  average  person  the  mines  made  by  this  species  would  scarcely 
be  recognized  as  such,  as  the  leaves  merely  present  the  appearance  of 
dying  from  natural  causes,  portions  of  them  drying  and  withering. 

o  Monograph  of  Diptera  No.  Am.,  Pt.  Ill,  p.  234. 
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At  the  time  when  puparia  are  formed  on  the  leaf  surface  (see  fig. 
2,  b)  that  portion  of  the  leaf  is  still  green,  but  before  the  adult  hatches 
the  infested  area  usually  turns  brown,  like  the  larval  mines,  and  the 
first  two  or  three  segments  of  the  puparium  may  be  seen  protruding 
at  the  margin  of  the  leaf.  With  the  further  drying  of  the  leaves 
more  segments  are  exposed,  and  sometimes  the  entire  puparium  is 

brought  to  view  (fig. 
2,  c)  attached  by  its 
underside  to  the  sur- 
face of  the  leaf. 
•  The  mines  are  of 
irregular  form,  but 
are  usually  more  or 
less  rounded  or  ob- 
long, although  some- 
times irregulary  tri- 
angular when  found 
in  the  apex  of  a  leaf. 
The  two  outer  sur- 
faces of  the  leaves  be- 
come separated,  and 
the  excrement,  very 
fine  and  powdery 
and  nearly  black, 
can  be  seen  by  hold- 
ing the  mines  to  the 
light.  The  location  of 
the  larvae  can  also  be 
made  out  in  the  same 
manner  if,  indeed,  the 
larvae  can  not  be  seen 
on  a  plain  surface. 
The  maggots  usually  work  somewhat  closely  together,  and  the 
puparia  also  are  frequently  found  placed  side  by  side.  Lower  leaves 
of  plants  are  more  affected  than  are  upper  ones,  and  attack  has  been 
noticed  to  be  more  extensive  where  plants  are  gro\Mi  in  shady 
locations. 

A  single  parasite,  Syntomosphyrum  sp.,  a  chalcidid,  determined  by 
Mr.  J.  C.  Crawford,  has  been  reared  by  the  writer  from  this  maggot. 

METHODS  OF  CONTBOL. 

According  to  the  writer's  experience,  this  species  shows  a  fondness 
for  plants  that  have  run  to  seed.  Hence  it  is  not  desirable  to  plant 
beds  in  the  vicinity  of  parsnip  or  other  susceptible  crops  grown 


FiQ.  2.— Parsnip  leaves  showing  location  of  larva  of  Acidia  fratria  in  its 
mine  at  a;  of  concealed  puparia  at  b,  and  of  exposed  puparium  at  c 
Drawn  from  life.    (Original.) 
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for  the  market.  European  writers  on  the  celery  leaf-miner  state  that 
dusting  the  affected  leaves  with  a  mixture  of  finely  powdered  soot  and 
lime,  three  parts  to  one,  has  proved  beneficial  in  preventing  the  flies 
from  depositing  their  eggs  upon,  the  leaves.  It  is  applied  when  the 
leafage  is  damp.  Other  similar  deterrents,  such  as  road  dust,  would 
have  about  the  same  effect. 

Sprays  of  kerosene  emulsion  and  of  carbolized  kerosene  emulsion 
have  also  been  reported  to  be  successful  in  the  treatment  of  young 
plants  affected  by  the  celery  leaf-miner.  These,  if  applied  at  the 
proper  time,  would  act  as  deterrents  and  might  have  some  effect  on 
the  larvse  at  about  the  time  when  they  are  ready  to  transform  to 
pupse  and  when  the  mines  are  thin.  It  is  doubtful,  however,  if  either 
of  these  fluids  would  penetrate  the  leaves  to  any  great  extent  except 
at  this  time. 

8831— Bull.  82,  pt  2—09 2 
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(Ldstronotut  UUitisctilus  Boh.) 

By  F.  H.  Chittbndbn,  Sc.  D., 
In  Charge  of  Trurk  Crop  cmd  Stored  Product  In$eet  Livestigatknu. 

INJUBIOUS  OCCUBBENCE. 

Certain  species  of  curculios,  or  weevils,  of  semiaquatic  habits  that 
normally  feed  upon  wild  plants  growing  in  marshy  situations,  through 
the  reclamation  and  cultivation  of  such  tracts,  occasionally  attack 
crop  plants,  and  for  a  season  or  more  accomplish  serious  damage. 
In  many  instances  injuries  are  peculiarly  local  and  are  not  apt  to 
recur,*  but  there  is  always  a  possibility  that  insects  of  such  habits 
may,  in  course  of  time,  after  the  cultivation  of  the  same  areas,  with 
or  without  the  disappearance  of  these  wild  food  plants,  become 
permanent  pests.  An  instance  may  be  cited  which  came  under  the 
observation  of  Prof.  F.  M.  Webster,  of  this  Bureau,  in  Ohio,  in  1894, 
of  attack  on  cabbage  by  two  semiaquatic  species  of  weevil,  Listronotus 
appendicvlatus  Boh.,  and  Notaris  (Erycus)  puncticoUis  Lee.  About 
50,000  plants  were  set  late  in  June  in  a  field  of  swamp  land  under- 
drained  the  previous  year,  and  as  many  as  10  individuals  of  the 
first-mentioned  species  were  found  about  single  plants,  gouging 
great  cavities  in  the  stalks.  The  former,  with  others  of  its  genus, 
develops  normally  in  arrow-head  (Sagittaria  spp.)  and  some  related 
aquatic  plants. 

It  is  not  surprising,  then,  that  similar  injuries  should  be  committed 
by  insects  of  the  same  class.  During  the  last  of  July  and  first  days 
of  August,  1902,  Mr.  F.  C.  Pratt,  of  this  Bureau,  noted  injury  to  parsley 
grown  at  Four  Mile  Run,  Virginia,  which  upon  examination  was 
found  to  be  due  to  both  larvae  and  adults  of  Listronotus  latiuaculus 
Boh.  Injury  continued  the  following  season — 1903.  It  thus  ex- 
tended over  four  years — 1900  to  1903,  inclusive. 

«  This  holds  for  several  forms  of  bill-bugs  (Sphenophorua  spp.),  but  the  most  injuri- 
ous species  are  practically  permanent  com  pests  in  certain  localities,  owing  to  environ- 
ment; for  example,  in  cornfields  planted  in  the  immediate  vicinity  of  marshes, 
rivers,  or  other  bodies  of  water  in  which  the  aquatic  plants  in  which  they  have  their 
natural  homes  aboimd. 
14 
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DB  SCBIPTION. 

The  beetle  is  a  weevil  of  the  family  Curculionidae.  It  is  of  some- 
what obscure  appearance,  there  being  many  other  species  which 
resemble  it  superficially.  It  is  shown  in  the  illustration  (fig.  3,  a). 
Its  resemblance  to  the  clover-leaf  weevil  and  related  species  (Phyto- 
nomus)  is  apparent.  The  two  genera  are  intimately  related.  From 
the  latter  genus  Listronotus  may  be  distinguished  by  the  different 
proportions  of  the  ventral  segments,  the  first,  second,  and  fifth  being 
long,  and  the  third  and  fourth  very  short.  The  legs  are  more  slender, 
and  the  tibiw  are  bent  inward  at  the  tips  and  are  quite  strongly 
mucronate.  The  species,  so  far  as  known,  are  winged.  Twenty-two 
species  are  indicated  by  Hom.^  L.  latiusculus  Boh.  is  very  closely 
related  to  L,  impressifrons  Lee.  Le  Conte  describes  the  two  species  as 
agreeing  in  form  and  sculpture  and  in  having  the  last  ventral  segment 
of  the  female  not  impressed,  but  in  latiusculus  the  rostrum  or  snout 
is  feebly  channeled  and  sulcate  with  the  frontal  fovea  faintly  indi- 
cated, while  in  impres- 
sifrons the  rostrum  is 
strongly  channeled 
and  sulcate  with  the 
frontal  fovea  deep. 
The  length  without 
the  rostrum  is  about 
one-fourth  of  an  inch 
(6-7.5  mm.).  The 
color  is  brown,  varied 
with  rather  minute 
golden  or  cupreous 
scales,  with  which  the  entire  surface  i3  covered.  The  rostrum  from 
the  eyes  to  the  tip  is  of  nearly  the  same  length  as  the  thorax. 

The  egg, — The  egg  is  variably  oval,  from  about  two-thirds  to  three- 
fourths  as  wide  as  long,  not  visibly  flattened,  and  without  apparent 
sculpture.  The  only  eggs  examined  were  of  a  decidedly  dusky  hue, 
but  when  freshly  laid  they  were  probably  pale  gray  or  whitish 
and  subtranslucent.  Their  length  is  0.70-0.75  mm.,  and  the  width 
0.48-0.55  mm. 

The  larva  (fig.  3,  6,  c). — ^The  larva  differs  from  those  of  the  ordi- 
nary Curculionid  form  in  being  less  curved.  It  is  considerably  flat- 
tened and  crawls  easily,  being  comparatively  active.  The  larva  in 
the  cut  is  shown  in  the  position  assumed  after  death.  When  alive 
and  stretched  at  full  length  it  is  a  trifle  longer  than  the  beetle.  It  is 
of  the  usual  milk-white  color  so  common  in  curculio  larvae,  and  has 
the  same  pale,  reddish-brown  head  and  darker  mouth-parts.    The 

o  Rhynchophora  of  America  North  of  Mexico,  1876,  pp.  127-136. 


Fio.  %.—Li8tTonotu3  latituculus:  a,  Beetle;  b,  larva  from  side;  c,  two 
abdominal  segments  from  above;  d,  pupa.  All  much  enlarged. 
(Original.) 
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head  is  comparatively  small,  of  about  the  same  width  as  length, 
excluding  the  mouth-parts. 

The  pupa  (fig.  3,  d). — ^The  pupa  is  creamy  white  in  color  and  is 
rather  thickly  covered  with  short,  stiflF  bristles,  which  assist  it  in  loco- 
motion. It  is  quite  active  and  capable  of  crawling  a  considerable 
distance. 

DISTBIBUTION. 

Le  Conte's  type  and  cotypes  were  from  Georgia  and  Louisiana. 
The  species  is  recorded  or  has  come  under  the  writer's  notice  from 
a  limited  number  of  localities.  These  include  Ithaca,  N.  Y.  (Chit- 
tenden) ;  New  York,  N.  Y.  (Juelich  and  Roberts) ;  Buffalo,  N.  Y. 
(Juelich);  Madison,  Gloucester,  and  Hudson  County,  N.  J.  (Smith); 
Four  Mile  Run,  Va.  (Pratt) ;  and  Washington,  D.  C. 

INJUBY  AT  FOUB  MIIiB  BUN,  VntGINIA. 

When  this  species  was  first  observed,  in  the  latter  part  of  July,  sev- 
eral larv©  and  a  single  adult  were  found  in  the  tuberous  roots  imder- 
ground.  The  trucker  on  whose  farm  the  injury  was  committed  stated 
that  he  had  observed  attack  by  this  species  the  two  years  before,  i.  e., 
in  1900  and  1901,  when  it  occasioned  some  loss.  The  outward  mani- 
festations consist  in  the  tops  of  the  parsley  beginning  to  turn  yellow, 
then,  wilting,  and  finally  drying  out.  When  a  plant  was  pulled,  the 
roots  broke  off  just  below  the  surface  of  the  ground,  frequently  dis- 
lodging the  larva  or  grub  and  leaving  others  below.  September  5, 
when  a  third  visit  was  paid  to  the  infested  locality,  injury  had" 
increased  beyond  all  expectations,  nearly  half  of  the  crop  having  been 
destroyed.  As  in  the  previous  instance,  larvae  and  adults  were  found, 
as  also  pupae.  It  is  obvious,  therefore,  that  the  single  adult  found  on 
the  first  occasion  was  a  straggler  from  the  first  or  hibernated  generar 
tion  and  the  beetles  foimd  later  were  members  of  the  new  generation. 
Where  the  larvae  were  found  attacking  small  stems — those  less  than  a 
quarter  of  an  inch  in  diameter — injury  was  shown  quite  early  and  the 
plant  was  killed.  But  in  older  stems  from  one-half  to  three-fourths 
of  an  inch  in  diameter  damage  was  not  so  conspicuous.  Large  tubers 
show  excavations  on  an  average  of  about  1  inch  in  length  and  a  fourth 
of  an  inch  in  diameter.  Owing  to  the  soft  natiu*e  of  the  roots  these 
excavations  are  decidedly  irregular  and  assume  a  light  reddish-brown 
color.  The  holes  made  by  the  beetles  in  exit  are  so  large  that  some- 
times considerable  quantities  of  earth  are  washed  in  by  rains  and 
doubtless  assist  in  promoting  decay,  leading  to  the  ultimate  destruc- 
tion of  the  plants.  Some  of  the  outer  roots  proceeding  from  the 
tubers  are  also  penetrated.  In  one  root  imder  examination,  con- 
taining two  larvsB,  less  than  one-fourth  of  the  root  remains,  the  rest 
having  been  destroyed  by  decay.     In  1903  larvae  were  observed  as 
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late  as  September  4,  hatching  in  the  outside  leaf-stems  and  burrowing 
through  until  they  had  penetrated  the  root.  In  the  illustration  (fig.  4) 
injured  plants  are  shown,  the  one  on  the  right  containing  a  larva, 
natural  size,  in  the  roots. 


OVIPOSITION. 


It  was  readily  learned  that  the  beetles  deposited  their  eggs  in  pareley 
stalks,  large  punctured  areas  corresponding  to  the  diameter  of  the 
snout  of  the  beetle  being  noticeable  from  a  point  just  below  the  top 


Fig.  4.  — I'arsley  roots  showing  work  of  juirsley  stulk  weovll.    (Original.) 

of  the  stalks  nearly  to  their  base.  Three  or  four  such  places  of  egg 
deposit  are  usually  seen  in  a  large  stalk.  The  usual  number  of  eggs 
inserted  seems  to  be  two,  although  frequently  a  third  is  found  and 
sometimes  only  one.  Most  curculionids,  however,  deposit  a  single 
egg  in  a  slit  made  for  the  ])uq)ose.  Where  the  stalk  has  attained 
sufficient  size  and  strength  to  continue  growth  after  the  beetle  has 
deposited  its  eggs,  the  larva  lives  within  it,  going  downward  into  the 
roots.  In  some  cases  ])lants  are  killed  by  too  many  ))unctures,  par- 
ticularly when  quite  small  and  delicate,  and  then  the  larva^  desert  the 
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stems,  evidently  by  simply  tmnbling  out  to  the  gromicl,  into  which 
they  crawl  and  attack  the  roots  by  boring  in  from  outside. 

FOOD  PLANTS  AND  HABITS. 

Most  collectors  of  Coleoptera  who  have  had  opportunity  to  observe 
aquatic  and  other  forms  of  beetles  that  frequent  ponds  and  water 
courses  are  familiar  with  the  fact  that  the  genus  Listronotus  is  to 
be  found  in  the  greatest  abundance  on  aquatic  or  semiaquatic  plants, 
more  particularly  on  Sagittaria.  Years  ago  Dr.  C.  M.  Weed  made 
observations  on  the  present  curculio  and  its  food  habits.^  He 
found  the  larvae  in  seed  capsules  or  heads,  as  well  as  in  stalks,  of 
the  common  arrow-head  (Sagittaria  variabilis)  and  furnished  some 
interesting  observations  on  the  insect's  life  history.  Beetles  began 
to  emerge  September  23  (m  Ohio),  continuing  emergence  until  the 
middle  of  October.  The  length  of  the  pupal  stage  was  determined 
as  eleven  days.  The  duration  of  the  egg  stage  should  be  about  the 
same  at  the  same  temperature,  but  in  a  high  temperature  in  a  warmer 
climate  like  that  of  Washington  eggs  might  develop  in  seven  days, 
while  the  larval  stage  is  of  only  a  few  weeks'  duration.  During  the 
same  year  that  Doctor  Weed  wrote  of  this  species,  the  late  Wilhelm 
Juelich  informed  me  that  he  had  found  the  beetles  near  New  York 
City  in  the  lower  parts  of  reeds  (Phragmites),  near  the  bottoms. 

In  the  Bureau  of  Entomolog}^  we  have  a  record  of  the  finding  of 
the  larva  by  Mr.  A.  Koebele  in  August,  1884,  in  Virginia,  near  the 
District  of  Columbia,  in  the  seed  capsules  of  a  species  of  Sagittaria, 
August  31.  The  beetles  developed  in  great  numbers,  beginning 
September  22. 

It  is  not  usual  that  phytophagous  Coleoptera  develop  in  so  many 
portions  of  a  plant  as  in  the  case  of  the  present  species,  which  exists 
as  larva  in  the  seed  capsules  and  stalks  of  one  plant  and  in  the  roots 
of  a  different  ])lant.''  It  is  not  probable  that  it  would  be  able  to  live 
in  portions  of  purely  terrestrial  plants  other  than  the  roots  or  stalks 
near  the  ground,  because  the  insect  evidently  requires  a  more  than 
usual  degree  of  moisture.     In  other  words,  it  is  semiaquatic.^ 

"■  Bui.  Ohio  Agr.  Exp.  Su.,  Tech.  Ser.,  Vol.  I,  No.  1,  pp.  10,  11,  1889. 

b  Compare  the  writer's  observatious  with  others  on  the  biology  of  Conotrachelus 
elegans  (Bui.  18,  n.  s.,  p.  94),  which  breeds  commonly  at  the  roots  of  Amaranthus 
and  has  been  stated  by  others  to  live  on  hickory;  since  the  eg][?s  are  known  to  be  de- 
posited in  rolled-up  leaves  of  hickory,  it  seems  probable  that  the  beetles  develop  in 
gome  other  portion  of  that  plant  than  at  the  roots.  The  congeneric  plum  curculio 
(C  nenuphar  HbstJ  not  only  develops  in  the  plum  and  other  stone  fruiti^,  but  also 
in  black-knot  (Plowrightia  vwrboaa). 
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METHODS  OF  CONTBOL. 


The  grower  who  reported  injury  to  j)arsley  in  Virginia  abandoned 
this  crop  on  account  of  the  ravages  of  the  weevil.  Hence  no  experi- 
ments could  be  made  with  remedies.  There  can  be  no  doubt  that 
the  species  could  be  reached  with  bisulphid  of  carbon  or  kerosene 
emulsion  applied  about  the  roots  in  the  same  manner  as  for  root- 
maggots  and  similar  insects.  All  things  considered,  however,  in 
the  case  of  parsley  the  wisest  measure  was  just  what  the  grower 
did.  After  the  lapse  of  si  j^ear  or  two,  perhaps,  parsley  might  be 
grown  with  impunity  in  the  same  locality. 
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THE  CELERY  CATERPILLAR. 

{Papilio  polyxenes  Fab.) 

By  F.  H.  Chittenden,  Sc.  D. 
In  Charge  of  Truck  Crop  and  Stored  Product  Insect  Investigations. 

INTBODTJCrriON. 

Everywhere  in  beds  of  celery,  carrots,  parsley,  and  related  plants 
there  will  be  found,  during  summer  and  autumn,  numbers  of  a  large 
green  or  yellowish  caterpillar,  ringed  with  black.  This  is  the  celery 
caterpillar,  known  also  as  the  parsley  worm  and  by  other  common 
names.  It  is,  everything  considered,  one  of  the  insects  best  known 
to  the  grower  of  the  crop  plants  mentioned,  this  being  due  to  its 
large  size  and  conspicuous,  gay  coloring.  It  feeds  upon  the  leaves 
of  plants  and,  when  abundant,  attacks  the  blossoms  and  undeveloped 
seeds.  If  left  entirely  unmolested  it  might,  save  for  the  intervention 
of  natural  enemies,  become  a  serious  pest,  since  it  is  a  voracious 
feeder.  It  is  readily  controlled,  however,  by  handpicking,  and  this 
helps  to  reduce  the  numbers  of  the  pest.  In  addition,  its  habit  of 
feeding  on  wild  parsnip,  wild  carrot,  and  other  umbelliferous  weeds, 
which  are  altogether  too  abundant,  serves  to  distribute  attack  as 
well  as  to  divert  it  from  useful  plants. 

DESCRIPTIVE. 

Nearly  every  year  inquiries  are  made  in  regard  to  tliis  insect,  but 
it  is  seldom  so  plentiful  as  to  call  for  advice  in  regard  to  treatment. 

Complaints  of  injury  and  requests  for  remedies,  however,  have 
been  received  in  recent  years  from  portions  of  Long  Island,  Maryland, 
District  of  Columbia,  Virginia,  Iowa,  and  some  other  regions.  In 
our  correspondence  it  has  attracted  most  attention  because  of  its 
occurrence  on  celery,  parsley,  and  sweet  fennel. 

TTie  egg. — The  egg  of  this  butterfly  is  of  globular  form  and  rather 
large,  measuring  about  1  mm.  in  width  and  the  same  in  height.  It 
is  flattened  on  the  surface  by  which  it  is  attached,  as  shown  in  figure 
5,  d.  When  first  laid  the  egg  is  pale  honey-yellow,  but  afterwards 
turns  in  parts  to  reddish  brown.  The  surface  is  sHghtly  glistening 
and  covered  with  microscopic  granulations. 
20 
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The  larva, — The  young  stages  of  the  larva  are  totally  dissimilar 
to  the  mature  ones.  Five  distinct  stages  are  recognized,  the  second 
of  which  is  illustrated  at  6,  figure  5.  This  caterpillar  is  shown, 
lateral  view,  in  j&gure  5,  a.  It  is  usually  green,  sometimes  yellowish, 
and  strongly  ringed  with  velvety  black  and  spotted  as  figured. 
Another  caterpillar  is  shown  at  I  to  illustrate  the  appearance  of  the 
head  and  the  peculiar  yellow  scent  organs  (osmateria).  These  are 
protruded  when  the  insect  is  disturbed,  and  they  exhale  a  pungent 
odor,  similar  to  that  of  the  bruised  leaves  of  their  food  plants  but  of 
greater  intensity  and  very  disagreeable. 

The  adult. — The  parent  insect  is  one  of  the  swallowtail  butterflies 
known  by  various  names,  but  more  commonly  as  the  black  swallow- 
tail.    The  ground  color  is  velvety  black,  relieved  by  yellow  bands  in 


Fio.  5. — The  celery  caterpillar  {Papilio  pdjfzenes):  a,  Full-grown  larva,  side  view;  b,  view  showing 
^Mad  with  extruded  osmateria;  e,  male  butterfly;  d,  egg  in  profile;  e,  young  larva;  /,  suspended  chrysalis. 
•AJl  about  natural  size,  except  d,  which  is  much  enlarged.    (Original.) 

the  male,  as  shown  in  the  illustration  (fig.  5).  The  hind  wings  are 
ornamented  on  the  inside  by  eyelike  markings  resembling  those  of 
the  male  peacock,  and  they  terminate  in  the  'Hails,"  from  which  the 
insect  derives  its  conamon  name.  The  female  (fig.  6)  is  of  larger 
size,  somewhat  faded  black,  and  in  every  way  of  a  more  somber 
appearance  than  her  spouse — a  rule  wliich  holds  good  for  most 
butterflies.  Many  of  the  yellow  spots,  particularly  those  arranged 
in  the  form  of  bands,  are  wanting,  and  the  hind  wings  are  ornamented 
with  pale  blue  scales  on  the  posterior  half.  This  species  is  subject 
to  every  conceivable  variation  in  color.  The  wing  expanse  is  usually 
3  inches  or  a  little  more. 

Th€  chrysalis. — The  chrysalis  is  of  a  dull  gray  color,  mottled  with 
black  and  brown,  and  measures  a  little  less  than  1}  inches  (see  fig.  5,/). 
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DISTBIBT7TION. 

In  some  respects  this  is  one  of  the  most  interesting  of  the  insects 
found  attacking  garden  plants.  In  the  first  place,  it  appears  to  be 
limited  to  no  special  life  zone,  if  we  can  judge  by  the  records  of  dis- 
tribution. It  occurs  in  everj^  State  and  Territory  in  the  Union.  From 
a  very  considerable  portion  of  Canada  from  east  to  west  bordering 
the  United  States,  its  range  extends  through  Central  America  and  the 
West  Indies  to  South  America,  at  least  as  far  as  Venezuela. 

HABITS  AND  LIFE  HISTORY. 

Even  without  the  warning  scent  organs  with  which  the  larva  is 
supplied,  its  colors  are  so  peculiar  that  birds  soon  recognize  it  and 
learn  to  leave  it  undisturbed,  owing  to  its  disagreeable  taste.  It 
is  not,  however,  free  from  insect  enemies.     It  would  seem  that  the 


Fio.  6.— The  celery  caterpillar:  Female  butterfly.    About  natural  sixe.    (Original.) 

larva  is  perfectly  well  aware  of  its  immunity  from  attack  by  birds, 
since  it  feeds  in  plain  view  in  the  later  stages  and  even  crawls  to  the 
outer  surface  of  plants,  appearing  to  invite  the  freest  exposure.  It 
is  remarkable,  also,  that  the  colors  of  the  pupa  as  well  as  its  attachment 
to  inconspicuous  objects  render  it  comparatively  free  from  natural 
enemies.  Fitch  (in  manuscript)  noticed  '^a  female  at  midday  hover- 
ing around  some  caraway,  ovipositing.  She  gently  settles  on  the 
end  of  a  leaf,  holding  thereto  with  her  feet  for  a  few  moments,  whilst 
she  curves  her  abdomen  forward  and  places  an  egg  on  the  upper 
surface  of  one  of  the  small  leaflets,  and  then  gently  flies  away  to 
another  leaf.'' 

Owing  to  the  extremely  wide  range  of  this  species  there  is  much 
variation  in  its  life  history.  Gundlach  and  Chapman  observed  this 
insect  in  Cuba  and  Florida,  respectively,  and  their  observations, 
with  those  of  others  farther  north,  show  that  the  eggs  hatch  in  from 
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four  to  nine  days,  that  the  larval  period  may  be  passed  in  the  extreme 
South  in  from  nine  to  ten  days,  although  this  is  oftener  four  weeks 
in  the  North,  and  that  the  chrysalis  period  varies  between  nine  and 
eighteen  days.  The  writer  observed  the  pupal  period  at  Washington, 
D.  C,  from  July  8  to  July  18,  a  total  of  nine  and  one-half  days  in 
hot  weather.  This  gives  us  a  possible  minimum  life  cycle  of  from 
twenty-two  days,  in  the  insect's  southern  range,  to  eight  weeks 
northward.  In  the  North  the  insect  is  double-brooded,  and  winters 
in  the  chrysalis  stage.  In  the  extreme  South  there  are  probably 
three  or  four  generations  produced  each  year.  Thus  butterflies 
appear  in  the  South  in  March  and  April  and  begin  the  deposition  of 
their  eggs,  while  in  the  New  England  States  and  in  similar  latitudes 
the  butterfly  does  not  appear  on  the  wing  until  May,  and  seldom  before 
the  middle  of  that  month. 

Besides  celery,  this  insect  attacks  practically  all  other  umbellif- 
erous plants,  including  carrot,  parsley,  caraway,  fennel,  parsnip, 
dill,  and  related  wild  plants.  It  does  not  appear  to  attack,  except 
in  extreme  cases,  any  plant  outside  of  this  botanical  family. 

NATUBAL  ENBMIES. 

The  principal  insect  enemies  are  species  of  ichneumon  flies  of  rather 
large  size,  single  specimens  of  which  serve  to  destroy  the  insect 
in  its  pupal  stage.  The  best  known  of  these  are  two  species  of 
Trogus — exesorius  Brull6  and  exidianator  Brull6.  Some  other  natural 
enemies,  however,  have  been  recorded.  The  list  includes  Apanteles 
lunatus  Pack,  and  a  dragon  fly,  Anax  lon^ipes  Hagen. 

REMEDIES. 

The  conspicuous  appearance  of  the  larvse  of  this  species  renders 
them  what  might  be  called  an  ''easy  mark,^'  as  they  are  readily  found 
and  can  be  crushed  under  foot,  and  no  other  remedies  are  necessary 
if  the  work  of  destruction  is  begun  before  the  plants  are  injured. 
The  killing  oflF  of  the  first  generation  will  serve  in  considerable  measure 
to  destroy  the  insects  so  as  to  prevent  a  very  large  second  brood  or 
generation,  particularly  if  this  can  be  accomplished*  over  a  consider- 
able territory.  The  butterfly  is  a  strong  flier,  and  cooperation  is 
necessary  to  keep  the  insect  in  check  when  it  becomes  destructive. 
The  caterpillar  can  also  be  destroyed  with  an  arsenical,  either  Paris 
green  or  arsenate  of  lead,  but  recourse  to  these  is,  as  a  rule,  scarcely 
necessary,  owing  to  the  ease  with  which  the  ''worms"  can  be  hand- 
picked. 

BIBLIOGBAPHY. 

The  swallowtail  butterfly  is  considered  in  most  text-books  on 
general  entomology  and  in  many  popular  periodicals  on  the  same 
topic.     A  list  of  technical  references  is  given  in  Scudder's  Butterflies 
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of  New  England — mentioned  as  No.  6  below — and  a  list  of  publica- 
tions in  which  the  immature  stages  are  considered  is  furnished  in 
Henry  Edwards's  Catalogue  of  the  Described  Transformations  of  the 
North  American  Lepidoptera  (No.  5).  A  brief  list  is,  therefore,  all 
that  is  necessary  for  the  present  purpose. 

(1)  Fabricius,  J.  0. — Systema  Entomologica,  pp.  444-445,  1775. 

Original  description  of  the  species  as  PapUio  polyztnts. 

(2)  Smith  &  Abbot.— Lepidopterous  insectfi  <>f  Georgia,  vol.  I,  p.  1,  pi.  1, 1792. 

Short  account,  with  colored  plate,  illustrating  all  stages  except  egg.    Mentioned  as  PapUio 
troUusA 

(3)  Cramer,  Pieter.— Papillons  exotiques.  Vol.  IV,  pp.  194-196,  pi.  385,  figs.  C-B, 

1782. 
Redescribed  as  Papilio  atUriui, 

(4)  Harris,  T.  W. — Insects  injurious  to  vegetation,  1841,  pp.  211-213,  Flint  ed., 
1862,  pp.  263-266,  pi.  4,  ^^.  4. 

An  excellent  account  of  this  species  with  illustrations.    Mentioned  as  Papilio  atUriat  Cram. 

(5)  Edwards,  Hy.— Bui.  35,  U.  S.  National  Museum,  p.  10, 1889. 

List  of  referenoes  to  the  described  transformations  of  this  species  to  date. 

(6)  ScuDDER,  S.  H. — Butterflies  of  the  Eastern  United  States  and  Canada,  Vol.  II, 
pp. 1353-1364, 1889. 

A  monogr&phic  account,  including  references  to  technical  descriptions  of  all  stages,  geographical 
distribution,  habits,  life  history,  etc. 


aPapiiio  troUus  L.  is  an  entirely  different  species. 
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THE  LIMA-BEAN  POD-BORER. 

{EtieUa  zxTickeneUa  Treit.) 

By  F.  H.  Chtttenden,  Sc.  D., 
In  Charge  of  Druck  Crop  and  Stored  Product  Insect  Investigations. 

INJUBIOXJS  OOOX7BBBNCB. 

In  looking  over  some  old  material  and  notes  in  the  Bureau  of 
Entomology  and  National  Museum,  some  larvae  closely  resembling 
the  Lima-bean  vine-borer  (Monoptilota  nuhileUa  Hulst)  were  discov- 
ered, accompanied  by  a  note  by  Mr.  Albert  Koebele  to  the  effect 
that  they  were  foimd  on  Lima  beans  at  Rattlesnake  Bridge,  Eldorado 
County,  CaL,  July  21,  1885.  The  beans  in  that  vicinity  were  much 
infested  by  larvae  of  this  species.  The  seed  beans  had  been  received 
from  Ohio  the  previous  spring,  but  this  evidently  had  no  bearing  on 
the  origin  of  the  insect,  although  the  larvae  injured  the  growing 
seeds. 

More  recently,  in  1908,  the  same  species  was  discovered  by  Mr. 
H.  O.  Marsh  at  Santa  Ana  and  Garden  Grove,  CaL,  in  September 
and  October,  infesting  Lima-bean  pods.  At  this  time  it  was  abim- 
dant  in  Santa  Ana,  in  one  garden  nearly  every  pod  containing  a 
larva;  at  Garden  Grove  the  species  had  ruined  fully  40  per  cent  of 
a  good-sized  patch  of  late  beans.  Another  lot  was  received  from 
Anaheim,  CaL,  October  22.  The  larvae  were  common  at  this  time 
also  but  not  as  injurious  as  in  the  other  localities.  The  adults 
began  issuing  January  9,  1909,  and  continued  coming  out  imtil  Feb- 
ruary 25. 

Later  the  same  collector  found  this  species  at  work  at  Compton 
and  Watts,  CaL,  in  November.  During  the  latter  half  of  November 
the  larvae  were  scarce,  practically  all  having  disappeared  with  the 
exception  of  a  few  belated  individuals  here  and  there. 

DESCBIPTION  AND  DISTBIBX7TION. 

The  moth  has  a  wing  expanse  of  a  little  less  than  an  inch;  the 
head  is  armed  with  three  long,  conspicuous  labial  palpi,  showing  its 
relation  to  the  snout-moths.    The  ground  color  is  gray,  interspersed 
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with  ochreous  scales  on  the  fore  wings.  A  conspicuous,  broad  white 
stripe  extends  over  the  base  of  the  fore  wing  along  the  costa  to  the 
apex.  In  the  inner  fourth  of  the  fore  wing  there  is  also  a  cross-band 
of  brighter  ochreous  freely  dotted  with  brown  spots.  The  moth  is 
illustrated  by  figure  7,  a,  representing  the  female.  The  sexes  may 
be  readily  distinguished  by  the  antennae. 

The  original  description  of  this  species  is  by  Treitschke,**  who,  in 
1832,  named  it  PhycU  zinckeneUa  n.  sp.,  from  Sicily. 

It  has  also  been  described  imder  at  least  thirteen  other  names, 
including  schisticolor  ZelL,  and  rubrihaseUa  Hulst.  Full  references  to 
technical  descrip'tions  are  given  by  Hulst  in  his  article  entitled  '*The 
Phycitidae  of  North  America*' *"  and  in  the  Dyar  list  (No.  4807). 

Doctor  Dyar  has  sugges- 
ted that  schisticolor  Zell.  is 
synonymous  with  ztncken- 
ella  Treit.  and  in  further 
elaboration  states,  in  a  let- 
ter dated  May  28,  1909: 

I  have  compared  the  Etiella 
species  and  find  only  one  and  that 
the  same  as  the  European  zinck- 
enella.  Hulst 's  rubribasella  is  evi- 
dently a  synonym,  founded  on 
an  imperfect  or  badly  mounted 
specimen:  gchisiicolor  Zell.  is  paler 
gray,  less  reddish  tinted,  the  costal 
stripe  less  sharply  defined,  but  I 
think  it  a  racial  form  only. .  Many 
of  our  moths  that  extend  into  the 
arid  country  are  of  a  paler  gray 
there,  to  match  the  desert  tints; 
but  I  do  not  think  the  character  is  specific.  The  costal  stripe  in  some  of  the 
specimens  is  as  sharply  marked  as  in  eastern  ones,  and  the  eastern  ones  also  vary 
in  depth  of  color. 

Like  the  pea  moth,  this  species  appears  to  be  an  inhabitant  of 
the  Eastern  Hemisphere  and  has  been  introduced,  perhaps,  from 
both  Europe  and  Asia.  North  Carolina  is  the  northernmost  locality 
recorded  by  Hulst,  but  it  may  be  present  farther  north  in  the  Atlan- 
tic region. 

Of  its  habits  Milli6re  "^  says  that  it  lives  in  the  larval  stage  on 
Colutea  arhorescens. 

Of  the  distribution  Hulst  gives  Florida,  North  Carolina,  South 
Carolina,  Texas,  Colorado,  California,  West  Indies,  South  America, 

oF.  Treitschke.     Schmetterlinge  von  Europa,  Vol.  IX,  p.  201,  Leipzig,  1832. 

6  Trans.  Am.  Ent.  Soc.,  Vol.  XVII,  p.  170,  1890. 

c  Ann.  Soc.  Linn.  Lyon,  Vol.  VIII,  p.  231,  1861?    Not  seen. 


,  wJu. 


Fio.  7.— Liiiia>beazi  pod-borer  (EtieUa  zinckeneUa):  a,  Fe- 
male moth;  b,  antenna  of  male  moth;  c,  larva,  dorsal 
view;  df  lateral  view  of  one  abdominal  sei^nent.  Twice 
natural  sixe  except  b,  which  is  more  enlarged.    (Original.) 
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Europe,   West  Africa,   Madagascar,   and  Central  Asia.     Evidently 
the  species  is  cosmopolitan  but  may  not  occur  far  northward. 

Comparison  of  the  moth  of  this  insect  with  that  of  the  com  stalk- 
borer  (Elasmopalpus)  shows  considerable  superficial  resemblance, 
while  the  larva  is  decidedly  more  like  that  of  the  lima-bean  vine- 
borer  (Monoptilota).  In  the  Dyar  list  the  genus  Etiella  follows 
three  genera  after  Elasmopalpus.  These  three  species  belong  to 
the  same  family,  the  PhycitidsB. 

The  larva, — The  larva,   when  mature,   presents  the   appearance 
illustrated  in  figure  7,  c,  d.     It  is  of  robust  form,  strongly  convex 
above,  and  somewhat  strongly  flattened  on  the  lower  surface;  widest 
at  the  first  two  abdominal  segments,  from  which  it  tapers  very  feebly 
both  anteriorly  and  posteriorly  until  the  anal  extremity,  which  is 
much  narrowed.    The  general  color  is  rosy,  sometimes  with  a  purplish 
tinge,  much  darker  on  the  dorsal  than  on  the  ventral  surface,  which 
is  somewhat  faintly  tinted.     Segmentation  is  strong  and  the  abdom- 
inal folds  are  pronounced.     The  head  is  more  than  half  as  wide  as 
the  first  thoracic  segment,  honey-yellow  in  color,  darker  about  the 
trophi  and  along  the  margins;  the  hemispheres  are  well  divided  above; 
the  inverted  V-mark  is  distinct,  the  outer  lines  broken  above  the 
middle*.     The  first  thoracic  segment  is  paler  than  the  other  two,  tinged 
with  honey-yellow,  and  spotted  with  brown,  about  as  illustrated  in 
figure  7,  which  also  shows  the  pattern  of  ornamentation  of  the  dorsal 
surface  generally.     The  anterior  legs  are  well  developed  as  are  also 
the  four  pairs  of  abdominal  and  the  anal  prolegs.     The  arrangement 
and  location  of  the  piliferous  tubercles  and  hairs  which  they  bear  are 
also  sufficiently  well  shown  to  render  further  description  superfluous, 
especially  as  only  a  single  properly  preserved  specimen  is  available 
for  the  purpose.     The  length  is  about  16  mm. 

Younger  larv»  seen  were  pale,  either  whitish  or  light  green. 
The  eggs  have  not  been  seen  and  no  pupse  are  at  hand  for  descrip- 
tion. 

ADDITIONAL  BEMABKS. 

Opportunity  has  thus  far  not  offered  for  study  of  the  habits  of  the 
species.  Of  the  larvee  received,  it  was  noticed  that. they  feed  en- 
tirely within  the  pod  and  in  some  cases  were  found  in  a  slight  web 
mingled  with  excrement.  They  attack  the  bean  along  the  edge  and 
usually  devour  the  germ,  consuming  the  entire  bean  if  young  and 
tender.  They  are  quite  capable  of  entering  other  pods  by  cutting  a 
small  hole  in  the  side. 

Larv®  were  seen  crawling  around  in  a  package  when  received,  Sep- 
tember 23,  evidently  seeking  a  place  for  pupation.     When  placed  in 
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a  rearing  jar  with  sand  they  burrowed  down  to  the  depth  of  un  inch 
or  a  little  more  and  surrounded  themselves  with  a  slight  web. 

It  is  noticeable  that  this  species  was  found  only  upon  Lima  beans 
in  its  occurrence  in  California. 

An  ichneumon-fly  parasite  (Chttn.  No.l412<*)  issued  October  19 
to  October  30,  1908. 

As  a  very  complete  systematic  bibliography  is  published  by  Doctor 
Dyar,*  and,  moreover,  as  the  titles  cited  have  little  bearing  on  the 
matter  in  point,  bibliographical  references  will  be  omitted  in  the 
present  paper.  Admitting  that  zinckeneUa  and  schisticolor  are  syno- 
nyms, the  Dyar  catalogue  furnishes  no  less  than  fourteen  synonyms, 
the  species  having  been  given  that  number  of  specific  names  by  diflfer- 
ent  writers,  the  list  including  six  by  Walker. 

No  opportunity  has  presented  itself  for  experiments  in  the  reme- 
dial control  of  the  insect,  and  unless  it  should  be  held  in  check  by 
natural  enemies  it  is  probably  destined  to  be  a  pest  during  some 
seasons,  in  localities  where  it  has  become  well  established,  on  Lima 
beans. 

a  Bui.  52,  United  States  National  Museum,  p.  428,  1902. 
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THE  YELLOW-NECKED  FLEA-BEETLE. 

(Dt9onycha  mellicollis  Say.) 

By  F.  H.  Chtitenden,  Sc.  D., 
In  Charge  of  Truck  Crop  and  Stored  Product  Insect  Investigations. 

[With  report  by  H.  O.  Marsh,  Agent  and  Expert.] 
TNJJTRIOUB  OCCT7KBBNCE. 

Beginning  with  January,  1909,  the  yellow-necked  flea-beetle  (Dis- 
onycha  rneUicoUia  Say),  which  appears  to  be  particularly  injurious  the 
present  year,  began  to  attract  attention  in  the  South,  being  reported, 
by  agents  and  others,  on  truck  crops  in  Texas  and  Florida.  January 
26,  Mr.  D.  K.  McMillan  stated  that  this  species  was  common  at  Browns- 
ville, Tex.,  on  spinach.  He  found  only  adults,  although  several  pairs 
were  in  copula.  He  had  also  found  adults  resting  under  portulaca 
and  amaranthus  and  on  lettuce.  At  that  time  it  had  not  proved 
very  injurious,  but  was  so  much  more  abundant  than  in  the  previous 
year  that  it  was  surmised  that  the  insect  might  become  a  pest.  The 
following  day  we  received  the  same  species  on  beets,  collected  by  Mr. 
H.  M.  Russell,  at  Boynton,  Dade  County,  Fla.  In  this  case  both 
adults  and  eggs  were  obtained.  The  latter  were  deposited  in  masses 
of  six,  ten,  and  eleven  on  the  underside  of  the  leaves.  January  29 
Mr.  Roger  S.  Baldwin,  Boynton,  Fla.,  wrote  that  beets  were  being 
attacked  by  the  spinach  flea-beetle.  The  specimens  sent  in  each 
case  proved  to  be  Diaonycha  meUicoUis  Say  and  not  Disonycha 
mrUhomelsena  Dalm. 

Writing  about  the  yellow-necked  flea-beetle,  February  12,  Mr. 
Baldwin  stated  that  the  adults  were  taken  from  table  beets  grown 
at  Boynton,  Fla.,  on  black,  wet,  mucky  soil.  He  expressed  the  opin- 
ion that  these  might  represent  a  second  generation,  as  all  that  were 
seen  on  the  earlier  beets  were  hand  picked  or  treated  with  arsenate  of 
lead  in  the  form  of  a  spray.  The  earlier  beets  were  then  entirely 
freed  from  the  insects*  attack.  Later,  on  March  6,  Mr.  McMillan 
found  adults  in  considerable  numbers  on  spinach  and  beets,  the  leaves 
of  which  showed  holes  made  by  the  insects  in  feeding.  No  larvae 
were  observed  at  that  time,  but  the  adults  were  mating  and  a  few 
eggs  were  found. 

In  looking  over  earlier  records  the  writer  finds  that  in  the  summer 
of  1897  he  first  noticed  this  flea-beetle  in  numbers  taking  short  jumps 
about  the  conunon  purslane,  Portulaca  oleracea,  at  Glen  Echo,  Md. 
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Individuals  that  were  kept  in  a  vial  with  the  leaves  of  this  plant  fed 
freely  for  two  weeks,  whereupon  one  deposited  eggs.  A  mass  of  23 
eggs  was  obtained,  laid  irregularly,  some  in  rows  of  three  or  four  with 
similar  rows  overlapping.  When  first  noticed,  the  eggs  were  about  to 
hatch  and  were  blood-red — an  unusual  color  for  the  eggs  of  Chryso- 
meUdsB.  They  differ  from  those  of  the  closely  related  D,  xantTvome" 
lasna,  or  spinach  flea-beetle,  chiefly  by  their  sanguineous  color,  but 
agree,  as  far  as  could  be  easily  seen,  in  all  other  important  particulars. 

The  larvse,  as  well  as  the  adults,  feed  on  portulaca.  Apparently 
the  larva  does  not  differ  to  any  noticeable  extent  from  that  of  xantho- 
melasna  save  in  color  and  in  possessing  less  prominent  tubercles.  The 
general  color  is  rather  dull  yellowish-red  with  no  apparent  striation. 
The  size  is  also  a  Uttle  smaller. 

September  20,  1906,  Mr.  F.  W.  Roeding  sent  beetles  of  this  species 
from  Wichita  FaUs,  Tex.,  with  the  report  that  they  occurred  in  beet 
fields. 

No  further  observations  were  made  on  this  species  imtil  November 
5,  1907,  when  the  writer  observed  it  on  chickweed  (Alsine  [SteUaria] 
media),  one  of  the  favorite  food  plants  of  xanthomelxna.  Several 
other  beetles  were  observed  in  the  same  location  and  these  fed  upon 
chickweed  when  provided  with  it.  In  April,  1909,  this  species  was 
taken  under  boards  placed  over  chickweed  and  when  confined  fed 
more  freely  than  did  the  lot  found  in  November,  presumably  because 
the  latter  had  begun  hibernation.  The  following  year,  May  30,  Mr. 
McMillan  observed  the  beetles  feeding  on  portulaca  at  Brownsville, 
Tex.,  shewing,  in  the  writer's  opinion,  and  as  he  had  previously  sur- 
mised, that  this  is  a  favorite  natural  food  plant. 

DBSCBIPTION  AND  DISTBIBT7TION. 

This  species  was  given  the  specific  name  which  it  now  bears  by 
Say,  in  1835.**  Later  it  was  redescribed  by  Le  Conte  as  semicarboiv- 
QUh}  Of  the  eighteen  species  of  this  genus,  meUicoUis  differs  from  all 
others,  except  coUata  Fab.,  in  having  entirely  yellow  femora  or  thighs. 
It  is  smaller  than  either  xanthomehena  or  coUata.  The  color  varies. 
In  fresh  specimens  the  legs  and  thorax  are  reddish,  but  in  older  speci- 
mens they  are  much  paler  and  the  thorax  varies  from  metallic  green 
to  dark  blue.     The  species  was  redescribed  by  Horn  in  1889.*= 

This  species  is  as  widely  distributed  as  the  average  Halticine,  but 
it  was  not  imtil  rather  recent  years  generally  recognized  by  collectors 
as  distinct  from  xantliomelsena.     It  is  recorded  by  Dr.  G.  H.  Horn 

. i 

a  Alticamellicollis,  Boat.  Joum.  Nat.  Hist.,  p.  199;  Complete  Writings  (LeConte  Ed.), 
Vol.  II,  p.  668, 1859. 
b  Haliica  semicarbonata,  Col.  Kans.  &  £.  New  Mex.,  p.  25,  1859. 
c  Trans.  Am.  Ent.  Soc.,  Vol.  XVI,  pp.  211-212,  1889. 


Digitized  by  VjOOQ IC 


THE  YELiLOW-NECKED  FL£A-B££TL£.  81 

from  Louisiana,  Texas,  and  Colorado.  The  writer  has  collected  speci- 
mens from  New  York  City  and  vicinity,  the  District  of  Columbia, 
Rosslyn,  Va.,  and  Glen  Echo,  Md.,  and  has  seen  a  series  from  North 
Carolina.  In  the  streets  of  New  York  he  observed  beetles  imder 
stones  as  early  in  the  season  as  March  13. 

It  has  been  recorded  from  as  far  inland  as  Cincinnati,  Ohio,  but  it 
is  apparently  a  maritime  form,  as  it  is  not  often  found  inland.  It 
should  be  remarked  that  it  is,  like  other  flea-beetles,  decidedly  spas- 
modic as  regards  numbers. 

BCONOMIC  STATUS. 

The  economic  status  of  this  species  is  scarcely  established.  It  is 
not  at  all  unlikely  that  it  may  prove  in  time  to  be  quite  as  injurious 
to  beets  and  spinach,  locally  or  seasonally  in  the  Gulf  States,  as  is  its 
injurious  congener,  the  spinach  flea-beetle,  throughout  the  North 
and  in  the  Atlantic  region.  The  latter,  there  can  be  no  doubt,  does 
much  more  injury  annually  than  is  attributed  to  it,  for  reasons 
which  the  writer  has  already  expressed.  When  it  attacks  very 
small  plants,  especially  in  the  larval  stage,  it  may  destroy  them 
completely  and  then  attack  the  roots. 

The  following  report  on  this  species  gives  some  details  not  covered 
by  the  preceding  pages: 

BBPOBT  BT  H.  O.  MABSH. 

The  beetles  of  Disonycha  mellicollis  were  obeerved  during  the  winter  and  spring  of 
1909  to  be  quite  common  and  injurious  at  Brownsville,  Tex.,  and  vicinity,  feeding 
on  beets,  spinach,  Amarantlma  retrojlexus,  A,  spinostLs,  A.  herlandien^  Chenopodium 
sp.,  Portulaca  return,  and  P.  oleracea.  Injuries,  from  an  economic  standpoint,  were 
confined  to  beets  and  spinach. 

January  26,  the  beetles  were  common  on  spinach  and  a  few  specimens  were  feeding 
on  lettuce.  The  lettuce  was  in  a  row  adjoining  the  infested  spinach  and  it  is  more 
than  probable  that  the  beetles  do  not  feed  on  this  plant  except  in  rare  cases. 

Following  a  '* norther"  in  January  a  number  of  beetles  were  found  under  dry  cow 
"chips"  where  they  had  gone  for  protection.  Several  females  had  deposited  their 
eggs  imder  these;  doubtless  because  they  were  unable  to  retain  them  until  reaching  a 
more  suitable  place.  In  most  cases  these  eggs  were  a  considerable  distance  from  any 
food  and  the  larvae,  on  hatching,  must  certainly  have  starved.  During  this  month 
eggs  were  found  in  the  soil  at  the  base  of  amaranth  plants,  placed  in  clusters  quite 
close  to  the  surface. 

March  6,  the  beetles  occurred  in  considerable  numbers  on  spinach  and  beets,  the 
leaves  of  which  they  had  badly  riddled;  a  few  were  present  also  on  lettuce.  Many 
were  mating  and  ^;gs  were  found.  No  larvae  were  observed.  Females  confined 
March  6  deposited  a  large  number  of  eggs  on  March  7,  which  hatched  on  the  17th. 

Diiring  April  the  beetles  were  fairly  common  and  were  scattered  on  several  food 
plants.  Piurslane  seemed  to  be  the  favorite  wild  plant.  April  2,  nearly  mature 
larvae  were  observed  in  some  numbers  on  the  underside  of  spinach  leaves. 

May  10  the  adults  occurred  in  moderate  numbers  and  were  feeding  in  company 
with  Disonycha  abbreviata  Melsh.  on  the  tender  foliage  of  Amaranthus  retroflexus  and 
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A.  8pino9U8.  A  cluster  of  eggs  was  found  in  the  loose  soil  at  the  base  of  a  plant  of 
Amarantkus  spinotus.  From  a  female  confined  at  this  date  the  following  record  was 
obtained: 

May  12,  eggs  deposited  to  the  number  of  49. 

May  16,  eggs  hatched. 

May  25,  larvse  burrowed  into  soil. 

May  27,  first  larvae  pupated. 

June  1,  first  adults  developed. 

June  2,  adults  left  cells. 

The  periods  were  as  follows:  Egg  stage,  4  days;  larval  stages,  11  days;  pupal  stage, 
5  days,  or  a  total  of  20  days  from  the  time  the  eggs  were  deposited  imtil  the  adults 
developed. 

The  female  which  was  confined  May  10  deposited  another  cluster  of  40  eggs  on 
May  14  and  died  May  20. 

METHODS  OF  CONTBOL. 

The  remedies  to  be  observed  for  this  species  naturally  are  practi- 
cally the  same  as  for  the  related  spinach  flea-beetle.  These  consist 
in  applications  of  the  arsenicals,  either  arsenate  of  lead  or  Paris 
green,  in  accordance  with  the  instructions  given  in  Circular  No.  87  on 
the  Colorado  potato  beetle.  In  addition  to  spraying  it  is  advisable 
to  keep  down  the  natural  food  plants  of  the  species,  especially  purs- 
lane and  chickweed,  and  to  spray  these  also,  as  well  as  the  beets  and 
spinach,  when  the  latter  are  affected. 
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SOME  INSECTS  INJURIOUS  TO  TRUCK  CROPS. 


THE  LIFE  HISTOEY  AKD  CONTEOL  OF  THE  HOP  FLEA-BEETLE.'' 

{Paylliodes  punctulata  Melsh.) 

By  William  B.  Pabkeb, 
Collaborator. 

INTRODUCTION. 

The  most  injurious  insect  attacking  the  hop  vines  in  British 
Columbia  is  the  hop  flea-beetle  {Psylliodes  punctulata  Melsh.),  which 
is  widely  distributed  over  the  northern  part  of  the  United  States  and 
extends  into  the  southern  part  of  Canada.  Although  this  beetle  feeds 
freely  upon  rhubarb,  sugar  beets,  and  certain  truck  plants,  it  was  not 
known  as  a  notably  serious  pest  until  a  few  years  ago,  when  it  began 
its  depredations  in  the  hopyards  of  the  Chilliwack  and  the  Agassiz 
valleys  in  British  Columbia. 

ECONOMIC  IMPORTANCE. 

According  to  Mr.  II.  Hulbert,  Sardis,  British  Columbia,  the  hop 
flea-beetle  was  present  in  the  Chilliwack  Valley  when  he  began  to 
grow  hops  there  in  1894.    However,  it  made  no  perceptible  increase 

*»  This  investigation  against  the  hop  flea-beetle  was  made  possible  through  the 
good  oflaces  of  the  E.  Clemens  Horst  Hop  Company,  and  particularly  their 
general  manager,  Mr.  Theo.  Eder.  This  company  is  the  largest  grower  in  the 
section  concerned,  and  fully  appreciated  the  necessity  of  Inaugurating  studies 
looking  to  the  control  of  the  insect.  At  the  request  of  this  company  Prof.  H.  J. 
Quayle,  of  the  California  experiment  station,  spent  some  time  in  the  infested 
section  in  the  summer  of  1908,  during  which  time  the  earlier  stages  of  the  Insect 
were  first  made  known.  The  writer  began  work  under  his  direction  the  1st  of 
January,  1909,  and  continued  the  work  on  the  problem  until  the  following  fall, 
when  Mr.  Quayle  again  took  the  field,  closing  up  the  studies  at  the  time  of  the 
harvesting  of  the  hops. 

Note. — This  publication  is,  in  large  part,  supplementary  to  an  article  entitled 
"  The  Hop  Flea-Beetle,"  issued  in  May,  1909,  as  Bulletin  No.  66,  Part  VI.  It  is 
necessarily  of  a  more  practical  nature,  and  It  is  hoped  that  it  will  be  of  great 
value  to  the  hop  growers  of  the  West,  and  that  it  will  also  have  some  value  to 
the  growers  of  sugar  beets  and  various  vegetables,  including  especially  root 
crops  grown  in  the  same  region. — F,  H.  Chittenden. 
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and  did  very  little  damage  to  the  hop  vines  until  1903.  During  that 
spring  the  beetles  appeared  in  large  numbers  and  held  the  vines  back 
for  some  time,  but  by  the  persistent  use  of  tarred  boards  they 
were  kept  in  check  and  the  crop  saved.  During  the  seasons  of  1904- 
1908  the  beetles  gradually  increased  in  numbers,  reaching  their  maxi- 
mum destructiveness  in  1908. 

As  soon  as  the  hops  began  pushing  through  the  ground  the  beetles 
were  observed  swarming  around  the  vines,  giving  the  soil  in  the 
immediate  vicinity  a  black,  metallic  appearance.  These  swarms  of 
flea-beetles  devoured  the  hop  shoots  as  fast  as  they  appeared,  and  in 
places  where  the  vines  were  a  foot  or  more  on  the  string  the  attack 
was  so  severe  that  in  a  few  days  the  field  looked  as  if  it  had  been 
burned  over.    This  infestation  resulted  in  a  loss  of  about  75  per  cent 

of   the   crop   in   the   Chilliwack   and 

Agassiz  valleys. 

LIFE  HISTOBT. 
THE   EGOS. 

Descriptive, — The  eggs  of  PsylUodes 
punctulata  (fig.  8)  are  one-third  of 
a  millimeter  long,  about  one-half  as 
wide,  ellipto-cylindrical  in  shape,  and 
quite  yellow  in  color.  They  are  very 
hard  to  distinguish,  unless  in  clusters, 
without  the  aid  of  a  hand  lens,  and 
when  mixed  with  soil  it  is  almost  im- 
possible to  find  them. 

Where  laid, — Beetles  which  were 
confined  in  lamp-chimney  breeding 
devices  were  observed  to  oviposit  upon  hop  leaves  and  pieces  of 
paper  and  upon  the  sides  and  bottoms  of  the  chimneys.  One  morn- 
ing, upon  moving  a  cage  which  had  a  cheese-cloth  base,  the  writer 
discovered  several  hundred  eggs  which  had  been  deposited  between 
the  cloth  and  the  table.  As  this  appeared  to  be  an  excellent  way  to 
obtain  eggs  in  large  numbers,  several  cages  were  accordingly  fitted 
up,  and  to  make  conditions  as  natural  as  possible,  were  placed  over 
moist  soil.  Hundreds  of  eggs  were  obtained  in  this  manner  and 
were  in  a  very  convenient  situation  for  handling.  In  order  to  obtain 
eggs  under  more  natural  conditions,  large  numbers  of  beetles  were 
confined  in  tin  cylinders  which  had  been  sunk  in  the  soil  inclosing 
the  roots  of  a  vine.  Two  weeks  later  when  the  soil  in  these  cylinders 
was  examined,  eggs  were  found  1^  to  2  inches  below  the  surface.  A 
few  single  eggs  laid  in  the  field  were  observed  near  the  base  of  a 
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liodea  punctulata)  :  Kgga,  Greatly 
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vine  and  about  1^  inches  down  in  the  soil.  Although  conditions 
such  as  the  looseness  and  water  content  of  the  soil  may  cause  a 
variation  in  the  depth,  and  the  lack  of  cultivation,  in  the  distance 
that  they  are  placed  from  the  vine,  the  above  is  probably  the  average 
position  for  the  eggs  deposited  in  the  field. 

Arrangement, — Eggs  obtained  under  laboratory  conditions  were 
deposited  both  singly  and  in  clusters  of  from  2  to  8,  but  with  no 
regular  arrangement.  All  the  eggs  which  were  observed  in  the  field 
were  found  one  in  a  place,  but  some  of  them  are  probably  laid  in 
clusters  under  natural  conditions. 

Conditions  favorable  for  inc^ibation, — The  eggs  which  were  found 
in  the  field  were  in  moist  soil,  and  those  which  were  kept  under  like 
conditions  in  the  laboratory  hatched  in  due  time.  On  the  other  hand, 
eggs  which  were  allowed  to  dry  soon  died  and  shriveled  up.  A 
moist,  warm  soil  appears  to  be  the  most  favorable  condition  for 
incubation. 

Time  of  incubation. — Several  hundred  eggs  which  were  obtained 
on  the  cheese  cloth  were  placed  in  black  satin  bags  and  buried  in 
moist  soil,  both  in  the  laboratory  and  in  the  hopyard.  These  eggs 
required  from  19  to  22  days  to  incubate;  those  in  the  field  hatched 
a  little  sooner  than  the  ones  in  the  laboratory.  This  difference  in 
time  may  be  explained  by  the  fact  that  the  soil  in  the  yard  was 
heated  by  direct  sun  rays,  while  that  in  the  laboratory  was  not. 

Hatching  process. — The  eggs  of  this  beetle  change  but  little  in 
general  appearance  during  the  first  thirteen  days  of  incubation. 
After  this  period  a  transparent  place  appears  near  one  end,  and  a 
few  days  before  hatching  this  spot  turns  dark.  In  emerging,  the 
larva  evidently  breaks  its  way  out  through  the  side  of  the  egg,  for  a 
longitudinal  slit  was  observed  in  all  empty  eggshells. 

THE  LARVA. 

Description. — When  it  first  emerges  from  the  egg  the  larva  is  a 
delicate,  slender,  white,  grublike  creature,  about  one-half  millimeter 
in  length.  After  a  few  hours  it  turns  gray,  the  head  darkens,  and  a 
dark  patch  appears  on  the  last  segment  of  the  abdomen.  The  larva 
(fig.  9,  a)  grows  slowly,  passing  through  several  molts,  and  when  full 
grown  is  about  5  millimeters  in  length  and  three-fourths  of  a  milli- 
meter in  diameter.  When  it  first  emerges  from  the  egg  it  is  very 
active  and  crawls  through  the  soil  at  a  rapid  rate,  but  as  it  grows 
this  activity  gradually  decreases,  and  when  the  last  stage  is  reached 
it  is  little  able  to  crawl  about. 

Length  of  larval  stage. — To  determine  the  length  of  the  larval  stage, 
many  beetles  were  confined  around  hop  vines,  in  an  uninfested  area, 
for  three  days  and  were  then  removed.    When  observed  at  a  later 
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date  larvae  were  found  in  the  soil,  and  when  these  were  apparently 
ready  to  pupate  some  of  them  were  placed  in  vials  of  soil  and  ob- 
served daily.  A  few  of  these  larvae  pupated  and  from  these  data  the 
length  of  larval  life  was  found  to  be  about  35  days.  This  time  checks 
up  very  well  with  the  other  observations  made  in  the  field. 

Pupation, — ^This  insect  does  not  form  a  distinct  pupal  cell,  as  is 
the  case  with  some  other  coleopterous  larvae,  but  when  full  grown 
ceases  to  feed,  contracts  greatly  in  length,  and  enters  a  long  somnus, 
the  prepupal  stage.  The  larva  remains  in  this  stage  from  11  to  14 
days,  and  then  transforms  to  a  true  pupa  (fig.  9,  6,  c)  with  free 
appendages. 


if^lh^t^nix 


Pio.  9. 


-The  hop  flea-beetle :  a.  Larva ;  5,  pupa,  ventral  view ;  e,  pupa,  dorsal  view, 
enlarged.     (Original.) 


Much 


THE  PUPA. 

Description, — ^When  the  pupa  is  formed  it  is  pearly  white  in  color 
and  is  much  like  the  adult  beetle  in  form.  The  sheaths  for  the  adult 
appendages  are  free  from  the  body,  and  the  legs,  wing-pads,  and  an- 
tennae, although  folded  up,  may  be  easily  distinguished.  The  pupa 
of  this  flea-beetle  is  not  very  delicate,  as  was  shown  by  the  fact  that 
a  number  of  them  were  removed  from  the  soil  for  daily  examination 
during  a  period  of  eight  days,  without  injury. 

Duration  of  stage  and  transforTnation  to  adult. — ^The  true  pupal 
stage  lasts  on  an  average  16|  days.  The  first  evidence  of  transforma- 
tion is  the  appearance  of  color  in  the  eyes ;  then  gradually  the  mandi- 
bles, tibial  joints,  and  antennae  become  dark  in  color,  the  legs  turn 
light  brown,  and  the  elytra  move  to  the  back.  When  this  condition 
is  reached  the  beetle  is  able  to  crawl  about.    It  does  not  get  out  of 
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Fig.  10. — The  hop  flea-beetle :  Adult  beetles,  showing 
relative  sizes  of  female  and  male.  The  male  has  the 
wing  covers  slightly  spread.   Much  enlarged.  (Original.) 


the  soil,  however,  until  the  head,  thorax,  and  elytra  have  colored, 

which  requires  from  12  to  14  hours.    The  beetle  is  then  of  a  dull 

blue-black    color,    but 

after    it    has   been   in 

the  sunlight  for  a  few 

days  it  becomes  quite 

bronzy  in  appearance. 

THE    ADULT. 

The  adult  is  a  dark, 

smooth,    bronzy-black 

beetle    of   the    family 

Chrysomelidae,  one- 
twelfth    to    one-tenth 

of  an  inch  (1.5  to  2.5 

mm.)    long  and  about 

half     as    wide.     The 

male    and   female  are 

alike  in  general  ap- 
pearance except  as  to 

size,  the  male  being  distinctly  smaller  than  the  female  (see  fig.  10). 

The  hind  thighs,  by  means  of  which  the  beetle  jumps,  are  strongly 

developed,  hence  the 
name  "  flea-beetle." 
The  specific  name 
punctulata  refers  to 
the  punctulate  or 
pitted  condition  of 
the  head,  thorax, 
and  elytra.  This 
beetle  should  not  be 
confused  with  Epi- 
trix  suhcrinita  Lee., 
sometimes  collected 
with  the  hop  flea- 
beetle  on  potatoes, 
which,  although 
much  like  Ps,  punc- 
tulata in  general 
appearance  and  in 
the  possession  of  the 

punctulate  condition  of  the   thorax  and  elytra,  is  smaller  and  is 

covered  with  hairs. 

32199— Bull.  S2,  pt.  4—10 2 


B*IG.  11. — ^The  hop  flea-beetle :  Ovipositor  of  female 
magnified.     (Original.) 
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Time  of  reaching  maturity. — After  the  adult  has  emerged  from 
the  pupal  state  between  12  and  24  hours  are  required  for  coloring 
and,  perhaps,  as  much  longer  for  it  to  work  its  way  out  of  the  soil. 
Beetles  which  appeared  to  be  not  over  4  days  old  were  found  in 
copula  and,  judging  from  these  very  unsatisfactory  data,  about  6 
days  would  be  required  for  the  beetles  to  become  fully  mature. 

Copulation. — Copulation  was  observed  at  all  times  of  the  day  and 
even  at  night.  Morning  seems  to  be  preferred,  for  more  pairs  were 
observed  between  8  and  12  o'clock  than  in  the  afternoon.  Although 
some  remained  together  but  a  short  time,  others  required  three- 
fourths  of  an  hour,  and  one  pair  which  was  closely  watched  took  50 
minutes  for  the  operation.  iVs  long  as  there  were  beetles  in  the 
field  pairs  were  to  be  found,  and  Mr.  Hulbeit  states  that  he  has 
observed  them  in  copula  up  to  the  time  that  they  went  into  hiberna- 
tion in  the  fall. 

Oviposition. — When  ready  to  oviposit,  the  female  works  her  way 
down  into  the  soil  until  she  reaches  the  moist  layer,  where  she  lays 
her  quota  of  eggs.  Although  this  operation  of  egg-laying  was  not 
observed,  the  fact  that  the  eggs  were  deposited  through  cheese  cloth 
and  even  light  cotton  cloth  leads  the  writer  to  believe  that  the  long 
ovipositor  (fig.  11)  is  worked  into  the  firm  soil  before  oviposition. 
The  eggs  would  thus  be  concealed  to  some  extent  from  predaceous 
enemies. 

Number  of  eggs  and  rate  of  egg-laying. — Beetles  captured  in 
copula  and  confined  in  vials  laid  from  4  to  18  eggs.  Three  pairs 
copulated  again  after  ovipositing,  but  only  one  female  laid  eggs 
after  this  second  copulation.  Table  I  illustrates  the  number  and  rate 
of  egg-laying  as  indicated  b}'  beetles  kept  under  laboratory  condi- 
tions : 

Table  I. — Number  of  eggs  and  rate  of  egg-laying  of  the  hop  flea-beetle. 


Adult 
No. 

Dates  of  copulation. 

Dates  first  eggs 
were  laid. 

Number 

Dates  second 
eggs  were  laid. 

Number 
second 
eggs  laid. 

Death. 

1 

1909. 
April  22  and  May  2 

1909. 
Mayl 

13 
6 
2 
11 
11 
1 
14 
9 
18 
10 
4 

1909. 
Mays 

6 

1909. 
May  20. 

2 

May  10 

8 

June  4          

June  8 

June  9 

10 

June  19. 

4 

Juno  4  and  9 

June  9 

June  14, 

5 

do              

do 

June  16. 

6 

June  4 

do 

June  9 

7 

June  19. 

7 

do 

do . 

June  15. 

8 

do             

June  10 

1 

June  16. 

9 

do 

do 

June  15. 

10 

do 

June  12 

June  16. 

11 

do 

do 



June  19. 

a  Lost. 


Length  of  life  of  the  beetle. — ^The  length  of  life  of  the  hop  flea- 
beetle  is  quite  variable.     Several  lots  of  newly  emerged  insects  which 
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were  brought  into  the  laboratory  died  within  a  week.  Another  lot, 
brought  in  May  11  and  placed  in  a  lamp  chimney,  lived  well  into 
July,  the  last  individual  surviving  until  August  22.  This  was  an 
exceptional  case,  the  average  length  of  life  being  between  three  and 
six  weeks. 

HABITS. 

THE   LARVA. 

^^here  found, — ^Most  of  the  larva?  were  observed  to  l>e  within  18 
inches  of  the  base  of  the  vine,  the  number  increasing  as  the  vine  was 
approached.  A  few, 
however,  were  taken 
between  the  rows, 
among  the  roots  of 
chickweed  and  lambs- 
quarters,  and  even  in 
well  cultivated  parts 
where  no  weeds  were 
growing.  The  surface 
soil  of  the  hopyards  is 
filled  with  delicate 
rootlets  (fig.  12)  and 
the  larvse  find  sufficient 
food  almost  anywhere. 

Depth  in  soil. — In 
order  to  determine  the 
average  depth  at  which 
the  younger  stages  may 
be  found,  the  earth 
was  taken  up  around 
the  base  of  a  vine  in 
3-inch  layers,  and  the 
larv8B  in  each  layer  counted.    The  results  are  as  follows: 

No.  of  larvae 
Depth  ot  soil.  found. 

l-v5  inches 6 

3-6  inches 21 

6-9  Inches 7 

9-12  inches 1 

Although  some  few  may  be  found  above  and  some  below,  from  2 
to  7  inches  is  the  depth  at  which  one  may  expect  to  find  the  majority 
of  the  larvse. 

Conditions  favorable, — The  soil  in  which  the  larvae  were  found 
varied  from  a  light  sandy  loam  to  a  very  heavy,  almost  adobe  condi- 
tion. 
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The  moisture  conditions  which  are  favorable  were  determined  in 
the  laboratory.  The  larvae  lived  in  soil  that  was  quite  wet,  but  when 
it  was  saturated  they  were  drowned.  On  the  other  hand,  a  slightly 
moist  soil  seemed  most  favorable,  and  when  it  dried  out  they  soon 
died.  Any  soil  with  a  moderate  moisture  content  appears  to  be  favor- 
able for  the  growth  of  the  larvae,  the  texture  having  no  influence 
whatever  upon  them. 

Food. — ^The  majority  of  larvae  are  located  close  around  the  hop 
vine  where  the  soil  is  filled  with  tender  filamentous  roots  (fig.  12). 
A  few,  however,  were  found  around  the  roots  of  lambs-quarters, 
chickweed,  and  mangel.  All  of  these  tender  rootlets,  and  perhaps 
many  others,  are  fed  upon  by  the  larvae. 

THE  ADULT. 

Food  plants, — ^The  hop  flea-beetle  has  been  observed  feeding  upon  a 
large  number  of  plants.  Some  of  these  are  distinctly  preferred; 
others  are  accepted  after  the  beetles  have  fed  upon  the  hop  or  mangel ; 
and  still  others  are  attacked  in  the  field,  but  not  after  the  insects 
have  eaten  of  their  preferred  food  plants. 

A  series  of  experiments  was  conducted  to  determine  which  plants 
were  preferred  and  their  order  of  preference.  Beetles  were  confined 
on  several  species  of  plants,  and  each  day  when  fresh  food  was  sup- 
plied the  species  which  was  eaten  the  most  was  left  out.  Thus  by 
elimination  the  order  of  preference  was  obtained.  This  order  for 
l)eetles  captured  on  the  hop  was  found  to  be  quite  different  from  that 
for  beetles  captured  on  the  mangels,  as  is  shown  by  the  following 
list: 

Table  II. — Food  plants  of  the  hop  flea-beetle. 

In  order  of  preference  of  beetles  taken  from  In  order  of  preference  of  beetles  taken  from 

the  hop.  the  mangel. 

Hop   (Humulus  lupulus  L.)-  Nettle  (Urtica  dioiea  L.). 

Nettle  {Urtica  dioiea  L.).  Rhubarb    (Rheum  officinale  Baill.). 

Tomato      {Lycopersieum      esculentum  Radish   (Raphanus  sativus  L.). 

Mill.).  Mustard  (Brassica  nigra  L.). 

Mangel   (Beta  vulgaris  Moq.).  I^mbs-quarters         (Chenopodium    al- 

Radish   (Raphanus  sativus  L.).  bum  L.). 

Mustard  (Brassica  nigra  L.).  Mangel  (Beta  vulgaris  Moq.). 

Lambs-quarters        (Chenopodium     al-  Hop    (Humulus  lupulus   L.). 

bum  L. ) .  W  a  t  e  r  m  e  1  o  n      ( Citrullus   vulgaris 

Watermelon     ( Citrullus    vulgaris  Schrad. ) . 

Schrad.). 
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SECOND  CLASS.** 

Rhubarb   (Rheum  officinale  Baill.)*  Tomato      {Lycopersicum     eiculentum 

Potato  {Bolanum  tuberosum  L.).  Mill.). 

Pigweed  (Aniaranthus  retro flexus  L.).  Potato  (Solatium  tuberosum  L.). 

Dock  (Rumex  obtusifolius  L.).  Pigweed  (Amuranthus  retroflexus  L.). 

Sorrel   (Rumex  acetocella  L.).  Red  clover  (Trifolium  pratense  L.). 

Red  clover  (Trifolium  pratense  Li.).  Dock   (Rumex  obtusifolius  L.). 

Sorrel  (Rumex  acetocella  L.). 

Finding  that  the  beetles  did  not  care  for  certain  plants  after  they 
had  fed  upon  hop  or  mangel,  an  attempt  was  made  to  starve  them 
to  the  food  which  was  apparently  most  disliked.  A  large  number  of 
beetles  were  accordingly  confined  with  red  and  white  clover  and  with 
sorrel.  Although  the  blossoms  of  the  white  clover  were  slightly 
attacked,  the  beetles  finally  starved  to  death  on  these  plants. 

Portions  of  plants  attacked. — During  the  spring  and  early  summer 
the  beetles  fed  upon  the  shoots  and  tender  buds  and  ate  holes  the  size 
of  a  pin  head  in  the  leaves.  (See  Plate  III.)  In  cases  where  the 
leaves  were  very  thick  the  lower  surface  tissues  were  left.  These, 
however,  soon  dried  and  fell  out,  leaving  a  clean  hole  which,  as  the 
leaf  expanded,  became  larger,  sometimes  reaching  one-fourth  of  an 
inch  in  diameter.  In  feeding  upon  the  hop  plants,  the  beetles  dug 
small  pits  in  the  shoots,  which  when  the  attack  wa^  severe  caused  the 
death  of  the  stem.  In  the  fall  the  beetles  climb  the  trellis  poles  and 
crawl  along  the  vines  imtil  they  reach  the  hop  cones,  of  which  they 
are  very  fond. 

Destructive  power  by  feeding. — ^When  the  beetles  appear  in  large 
numbers  they  will  devour  a  plant  completely.  In  the  spring  of  1908 
they  kept  the  yards  bare  until  the  last  of  June  or  the  first  of  July,  and 
when  the  mangels  were  coming  up  the  beetles  damaged  them  so 
severely  that  one  planter  found  it  necessary  to  sow  three  times  in 
order  to  get  a  stand.  In  the  fall,  after  the  hopyards  were  cleaned  up, 
the  beetles  migrated  to  the  nettles  along  the  fences  and  completely 
devoured  them.  The  beetles  were  at  this  time  in  exceptionally  large 
numbers ;  under  ordinary  conditions  their  attack  is  not  so  severe. 

Activity  and  migrations. — ^The  flea-beetles  that  have  just  emerged 
are  soft  and  sluggish  and  are  readily  picked  off  of  the  vines  with  the 
fingers.  Within  a  few  days,  however,  they  become  very  active  and  it 
is  then  almost  impossible  to  catch  them  in  the  hand.  During  the 
spring  and  summer  of  1909  the  beetles  migrated  little,  if  at  all.  The 
infested  regions  did  not  enlarge  or  change  from  the  time  that  the 
beetles  appeared  in  the  spring  until  they  disappeared  in  July.    The 

« Plants  of  the  second  class  are  eaten  very  slightly,  unless  the  beetles  are 
starved  to  them. 
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insects  were  not  observed  to  leave  the  vines  unless  disturbed,  and  the 
probability  is  that  unless  the  food  gives  out  they  do  not  migrate  dur- 
ing this  season.  It  has  been  repeatedly  observed  by  the  hop  growers 
of  Chilliwack  and  Agassiz  valleys  that  yards  which  were  badly  in- 
fested one  summer  would  be  almost  free  from  beetles  the  next,  while 
the  adjoining  yards  which  were  not  attacked  the  preceding  season 
would  be  severely  damaged.  One  explanation  of  this  is  that  the 
beetles,  having  eaten  up  all  the  food  remaining  in  the  yards  after  the 
vines  have  been  burned,  migrate  to  the  adjoining  block,  hibernate 
there,  and  emerge  in  the  spring.  As  the  beetles  were  not  observed 
moving  about  during  the  spring  and  summer  this  is  the  only  prob- 
able time  of  migration. 

Activities  at  night. — The  beetles  go  into  the  bud  scales  or  down 
under  the  clods  at  the  base  of  the  vine  on  cold  nights,  but  when  mild 
weather  approaches  they  remain  on  the  leaves.  They  were  observed 
to  move  about  slightly,  but  are  very  much  less  active  than  during  the 
day. 

Flight. — ^When  disturbed  during  warm  weather  the  beetles  occa- 
sionally spread  their  wings  as  they  jump,  and  fly  back  to  about  the 
same  place  they  started  from.  General  flight  is  seldom  indulged  in,  but 
during  the  last  of  April  those  which  were  disturbed  by  the  Bordeaux 
spray  circled  around  at  an  elevation  of  about  4  feet  for  a  few  minutes, 
then  settled  down.  This  was  the  only  time  when  beetles  were  observed 
on  the  wing. 

Protection  by  concealment. — On  cold  spring  days  some  of  the  beetles 
crawl  down  into  the  opening  buds  of  the  hop  or  nettle.  Here  they  are 
protected  from  the  weather  and  may  feed  upon  the  tender  buds  which 
are  their  choicest  food.  When  the  leaves  have  expanded  beetles  will 
be  found  on  the  under  surface,  and  in  very  cold  weather  under  the 
clods  at  the  base  of  the  vine.  Although  some  are  thus  concealed  dur- 
ing the  active  season,  the  majority  remain  on  the  upper  surface  of  the 
leaves. 

Protection  by  locomotion. — ^When  disturbed  the  beetles  jump  from 
the  vine  and  fall  among  clods  or  rubbish  where  they  are  not  readily 
seen.  They  do  not  feign  death  as  some  other  beetles  do,  but  spread 
out  their  legs,  right  themselves,  and  after  a  short  pause,  begin  slowly 
to  move  about.  The  distance  that  they  jump  depends  somewhat  upon 
the  height  from  which  they  start.  Horizontally  they  can  leap  about 
a  foot  and  a  half,  and  about  10  inches  in  a  vertical  direction. 

SEASONAL  HISTOBT. 

LENGTH  OF  LIFE  CYCLES. 

Judging  from  observations  on  the  appearance  of  beetles  in  the 
field,  the  lengths  of  the  life  cycles  of  the  spring  and  summer  genera- 
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Plate  III. 


Hop  Leaves,  Showing  Effect  of  Attack  by  the  Hop  Flea- 
Beetle  (PSYLLIODES  PUNCTULATA).     (ORIGINAL.) 
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tions  are  about  equal.  In  order  to  obtain  the  entire  life  cycle,  the 
6  days'  interim  between  the  emergence  of  the  beetles  as  adults  and 
copulation,  and  also  the  6  days  required  for  the  eggs  to  mature,  must 
be  added  to  the  72  days  which  are  passed  in  the  egg^  larval,  and  pijpal 
stages.  In  adding  these,  we  have  84  days,  or  12  weeks,  as  the  length 
of  the  life  cycle. 

NUMBER  AND  TIME  OF  APPEARANCE  OF  BROODS. 

There  are  two  distinct  broods  of  beetles  in  the  Chilliwack  and 
Aga^iz  valleys.  One  emerges  in  the  early  spring  and  the  other  in 
the  latter  part  of  July  or  the  first  part  of  August. 

The  first  generation  appeared  very  suddenly  and  in  large  numbers 
between  April  25  and  May  10.  The  appearance  and  devastation  in 
the  Agassiz  yard  was  particularly  startling.  On  April  24  the  vines 
in  this  yard  were  almost  ready  to  train  onto  the  string  and  were  only 
slightly  damaged  by  the  beetles.  April  28  this  yard  was  literally 
alive  with  the  "  fleas,"  in  some  places  there  being  as  many  as  50  or 
60  to  the  vine.  The  leaves  were  entirely  eaten  away  and  many  of 
the  terminal  buds  were  killed.  Although  this  did  not  ruin  the  shoot, 
it  caused  a  very  undesirable  branching.  Beetles  continued  to  emerge 
at  Chilliwack  in  large  numbers  until  about  May  10,  after  which  only 
a  few  belated  individuals  came  out. 

The  first  and  second  generations  are  very  distinct.  The  first  brood 
was  in  its  maximum  numbers  about  the  1st  of  June,  but  after  this 
the  insects  gradually  diminished  and  had  entirely  disappeared  by 
July  20.  The  second  generation  began  to  emerge  about  the  25th  of 
that  month,  but  were  not  present  in  large  numbers  until  about 
August  10.  These  beetles  live  through  the  fall  and  winter,  emerge 
in  the  spring,  and  deposit  the  eggs  which  produce  the  first  generation 
of  the  next  season. 

MULTIPLICATION. 

According  to  observations  made  upon  the  number  of  eggs  and  rate 
of  egg  laying,  the  maximum  number  of  individuals  coming  from  a 
single  pair  in  the  first  generation  would  be  18.  If  all  of  these  sur- 
vived and  produced  the  maximum  number  again,  the  second  gen- 
eration would  amount  to  162  beetles.  The  average  number  of  eggs 
laid  may  be  below  18,  and  a  large  number  of  larvae  are  destroyed  by 
predaceous  enemies  in  the  soil,  so  that  the  few  beetles  which  winter 
over  will  not  necessarily  produce  an  overwhelming  number  in  the 
second  generation. 

HIBERNATION. 
ENTRANCE   INTO   HIBERNATION. 

When  cool  weather  comes  in  the  fall  the  beetles  begin  to  hibernate. 
They  do  not  travel  far  from  where  they  chance  to  be,  but  enter  the 
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first  favorable  place  that  they  find.  This  early  hibernation  is  usually 
temporary,  and  when  the  first  warm  day  comes  they  emerge  from 
their  hibernating  places  and  hop  around  on  the  ground,  retreating 
ag^in  when  it  becomes  cool. 

PLACES   OF    HIBERNATION. 

During  the  winter  the  beetles  were  observed  hibernating  in  cracks 
in  the  trellis  poles,  imder  the  string  of  the  string  pegs,  in  the  hollow 
vine  stubs,  in  the  grass  and  weeds,  and  in  the  soil. 

Beetles  in  poles. — The  beetles  were  first  observed  to  be  hibernating 
in  the  trellis  poles.  By  lifting  the  slivers  they  were  found  wedged 
between  the  slivers  and  the  solid  wood,  some  were  dug  from  rotten, 
porous  portions  of  the  poles,  and  a  few  were  observed  under  the  bark. 
Many  were  found  in  the  deep  cracks,  but  the  largest  number  were 
under  the  slivers  and  in  the  rotten  wood.  As  shown  by  Table  III 
the  majority  of  beetles  hibernated  close  to  the  ground.  They  ac- 
cepted the  first  shelter  that  they  came  to,  and  some  even  entered 
slivers  and  crawled  down  below  the  surface  of  the  soil. 

Table  III. — Position  of  hop  flea-beetles  in  the  poles. 

First  foot 182 

Second  foot 152 

Third  foot 79 

Fourth  foot 33 

Fifth  foot , 4 

Sixth  foot 6 

Seventh  foot 0 

Total  number  of  flea-beetles 456 

Number  of  poles  counted 74 

Average  number  of  beetles  per  pole 6. 16 

In  November,  1908,  several  poles  were  taken  into  the  hop  kilns  and 
heated  in  order  to  bring  out  the  beetles  that  were  hibernating 
therein.  Most  of  the  poles  contained  small  numbers  of  them,  but  in 
one  badly  splintered  pole  were  found  490  beetles.  These  results 
led  the  hop  growers  to  believe  that  a  large  majority  of  the  hibernat- 
ing beetles  were  in  the  poles.  In  investigating  this  point  the  writer 
had  four  average  poles  taken  into  the  kilns  and  heated.  Only  19 
beetles  were  found  in  these  4  poles.  These,  together  with  other 
results  obtained  from  extensive  field  counts,  proved  conclusively  that 
the  number  of  beetles  which  were  hibernating  in  the  trellis  poles 
was  not  dangerously  large. 

Beetles  in  the  vine  stuhs, — ^The  hollow  vine  stubs  which  are  left 
when  the  vines  are  cut  and  burned  in  the  fall  are  very  favorable 
hibernating  places,  and  as  many  as  16  beetles  have  been  found  in  a 
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single  stub.  Many  stubs  do  not  contain  beetles,  however,  and  the 
average  is  very  much  lower.  A  few  beetles  were  found  in  the  cracks 
of  the  pith  of  pigweed  and  in  some  hollow-stemmed  plants,  but  the 
most  frequented  place  of  this  sort  is  the  hollow  vine  stub.  Table  IV 
illustrates  the  number  and  condition  of  the  beetles  in  the  stubs : 

Table  IV. — Number  and  condition  of  hop  flea-beetles  taken  from  vine  stubs. 


Date. 

Number 
of  stubs. 

Niimhpr   Average 
lound.     p^^  ^jjjj 

Average 

number  of 

beetles 

per  acre. 

Number    Number 

of  beetles  of  beetles 

dead.     ,    alive. 

Per  cent 
dead. 

Per  cent 
alive. 

1909. 

Febroaryl 

Do 

219 
89 
320 
340 
324 
330 
467 
161 
241 
288 
231 
166 

864 
216 
384 
266 
93 
133 
813 
331 
827 
897 

10.01 

7.82 



2.31 

.88 
1.23 
7.08 
8.20 
6.40 
6.48 

8,908.90 
7,517.47 

"2*057  "96' 
783.20 
1,094.70 
6,301.20 
7,298.00 
4,806.00 
4,877.20 
4,948.40 
6,603.80 

1                 1                 1 

February4 

February  10 

February  20 

Do 

118             216 
97              243 
37  1             66 
61                72 
292              521 
106  1            225 
137  '           188 
108  1           289 

35.32 
28.81 
39.78 
45.86 
35.88 
32.02 
42.20 
27.20 

64.68 
70.19 
6).  22 
64.14 

March  1 

64.12 

March  8 

67.89 

March  9 

67.80 

March  10 

72.80 

March  16 

323  '         6.56 
292            7.42 

114  1            209          35.29 
118               174           40. 41 

64.71 

Do 

69.59 

Beetles  in  string  pegs, — The  cedar  pegs  which  are  used  in  stringing 
the  yards  are  usually  left  in  the  field  when  the  yards  are  cleaned  up 
in  the  fall.  The  soft  string  which  often  remains  on  the  peg  affords  a 
splendid  place  for  the  beetles  to  spend  the  winter,  and  many  were 
observed  taking  advantage  of  it. 

Beetles  in  grass  and  weeds, — In  the  grass  and  weeds  of  uncultivated 
yards  and  along  the  borders  of  other  yards  the  beetles  were  found 
hibernating  in  considerable  numbers.  They  were  situated  just  under 
the  surface  of  the  soil,  but  above  the  crown  of  the  roots.  They  prob- 
ably seek  the  grass  and  weeds  as  a  temporary  refuge  when  the  cold 
weather  first  sets  in,  and  as  the  winter  advances  they  either  crawl 
down  into  the  soil  or  it  is  washed  over  them  by  the  early  rains. 

Beetles  in  the  hare  soil, — Many  beetles  were  found  around  the  poles 
and  vines  embedded  in  the  bare  soil.  In  one  strip  of  soil  3  inches  wide 
surrounding  a  trellis  pole,  31  beetles  were  found;  many  were  ob- 
served in  the  soil  around  the  base  of  the  vines  and  a  few  between  the 
rows.  They  did  not  penetrate  very  far  into  the  firm  soil,  the  majority 
being  found  within  the  first  half  inch,  but  where  the  land  was  in  the 
form  of  loose  clods  at  the  time  that  the  beetles  entered  they  crawled 
as  far  down  as  the  openings  went,  and  the  rain,  packing  the  soil  over 
them,  housed  them  2  and  even  3  inches  below  the  surface. 

Method  of  finding  beetles  in  the  soil, — Since  the  beetles  are  very 
small  and  dark  in  color  they  are  very  similar  to  the  particles  of  soil  in 
which  they  are  embedded,  and  to  find  them  by  digging  around  the 
roots  of  the  grass  is  almost  impossible.    An  attempt  was  made  to 
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screen  them  out  by  washing  the  soil  through  cheese  cloth.  This  was 
quite  possible,  but  very  slow,  and  while  screening  them  out  the  writer 
observed  the  beetles  floating  on  the  surface  of  the  water.  This  dis- 
covery suggested  a  very  simple  method  of  separating  them.  The 
soil  was  placed  in  a  screen-wire  box  and  washed  in  a  pail  of  water. 
This  broke  up  all  lumps,  and  the  beetles  floating  to  the  top  were 
picked  up  with  a  pair  of  forceps. 


EMERGENCE  FROM    HIRERNATION. 


Artificial  emergence, — In  anticipation  of  the  emergence  of  the 
hibernating  beetles  some  experiments  were  conducted  to  determine 
the  temperature  at  which  they  might  be  expected  to  appear  and  their 
actions  when  forced  from  their  natural  winter  quarters.  Beetles 
taken  from  frozen  string-pegs  were  placed  in  lantern  chimneys  and 
beginning  with  28**  F.  the  temperature  was  gradually  raised  and  the 
actions  of  the  beetles  noted.  At  40°  the  antennae  began  to  move 
slightly;  between  40*^  and  50°  the  beetles  moved  about  slowly  and  if 
disturbed  would  jump  a  short  distance.  Between  55°  and  60°  the 
beetles  were  quite  active  and  crawled  around  in  the  lantern  chimney. 
Their  activity  increased  as  the  temperature  was  raised  until  105° 
was  reached,  at  which  point  they  gradually  became  inactive  again. 
Table  V  illustrates  the  effect  of  temperature  upon  the  beetles,  begin- 
ning with  that  of  the  room  and  increasing  to  146°.  .In  this  experi- 
ment the  beetles  were  confined  in  a  double  tube  with  an  air  space  be- 
tween and  the  temperature  was  raised  gradually. 

Tarle  V. — Emergence  and  activity  of  the  hop  flea-heetle  in  artificial  temperatures. 


Date. 

Number 
of  in- 
sects. 

Room 
tempera- 
ture. 

Tempera- 
ture re- 
duced 
to— 

Greatest 
activity 

At— 

First 
dead  at— 

Last       l^^S^ 
^eadat-    -P^J*" 

1909. 
March  12 

10 
10 
8 
10 
10 
10 
10 
10 

56 
56 
56 
56 
58 
56 
56 
57 

°F. 
56 
56 
56 
56 
58 
56 
56 
67 

90 

90-100 

90-100 

98-100 

90-100 

60-70 

80-90 

82 
90 
110 
114 
95 
78 
90 
110 

o/*.      1  MinuUt, 
140                 15 

Marchi 

146                 15 

Do 

126                 10 

Do 

138                 20 

Do 

139                 20 

Aprill2 

110                   5 

Do 

148                 25 

Do                

When  beetles  were  thawed  out  they  all  became  active  between  40° 
and  45°  F.  When  the  higher  temperatures  were  reached,  however, 
there  was  a  considerable  difference  in  their  susceptibilities  to  the 
change  as  may  be  seen  by  referring  to  Table  V.  Some  of  the  beetles 
which  were  forced  from  hibernation  were  placed,  on  January  27,  in  a 
cage  containing  a  young  nettle  plant.    On  February  8  several  holes 
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the  size  of  a  pin  head  were  observed  in  the  nettle  leaves  and  these 
beetles  continued  to  feed  until  spring.  The  majority  of  the  beetles 
were  active  whenever  the  cage  was  in  the  light  and  the  temperature 
above  50°.  They  became  inactive  only  when  darkness  approached  or 
the  temperature  fell  below  40°.  The  beetles  were  not  observed  to 
seek  hibernating  places  when  artificially  emerged,  unless  conditions 
were  unfavorable  to  activity.  When  put  in  a  cool,  dark  place  many 
of  the  beetles  entered  hollow  vine  stubs  and  pieces  of  corrugated 
paper  which  were  placed  in  the  cage  for  this  purpose.  Some,  how- 
ever, were  content  with  the  cloth  top  and  the  glass  sides  of  the  cage 
for  a  hibernating  place. 

Natural  emergence, — On  March  9  four  beetles  were  seen  crawling 
around  on  the  sunny  side  of  a  trellis  pole.  These  were  the  first  that 
were  observed  emerging  in  the  field.  AVhen  warm  days  became 
more  frequent  the  beetles  appeared  in  numbers  and  fed  upon  the 
young  nettles.  They  were  very  active  and  were  observed  copulating 
during  the  warmer  part  of  the  day,  but  when  evening  came  they 
disappeared  from  view  and  did  not  come  out  again  until  the  frost 
was  all  melted  the  following  morning.  Although  some  beetles 
emerged  during  the  warmer  days  of  March,  the  maximum  number 
did  not  appear  until  April  15.  After  this  they  gradually  diminished 
in  nmnbers  and  by  the  10th- of  May  had  nearly  all  disappeared. 

DISEASES. 
FUNGOUS  DISEASES. 

Many  of  the  beetles  that  were  found  dead  in  the  hollow  vine-stubs 
were  covered  with  a  white  mycelium.  When  these  beetles  were 
placed  in  a  moist  chamber  Penicillium  glancum  and  the  hop-mold 
Sphoerotheca  castagnei  developed. 

No  other  fungous  growths  were  observed  by  the  writer,  but  Dr. 
C.  S.  McKee,  of  Vancouver,  British  Columbia,  in  a  letter  regarding 
some  of  his  experiments  with  the  hop  flea-beetle,  mentions  a  fungous 
disease  in  the  following  words :  "  Before  they  began  to  die  they  were 
distinctly  less  active,  and  even  before  death  some  of  them  could  be 
seen  to  have  a  fungous  or  mouldy  growth  on  them,  particularly  under 
the  wings."  Doctor  McKee  does  not  state  what  this  fungus  was,  and 
it  is  quite  possible  that  it  was  a  Penicillium,  as  was  found  on  the 
beetles  in  the  field.  Although  Penicillium  is  known,  under  some 
circumstances,  to  become  parasitic,  the  probability  is  that  the  bee- 
tles died  from  some  other  cause  and  that  the  fungus  entered  as  a 
saprophyte. 
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BACTERIAL  DISEASES. 

Beetles  which  were  brought  into  the  laboratory  between  the  10th 
and  14th  of  June  died  off  in  large  numbers.  They  had  a  very  sour 
odor  about  them  which  was  not  noticed  around  beetles  which  died 
earlier  in  the  spring.  This  great  mortality,  accompanied  by  the  sour 
odor,  indicates  the  possible  existence  of  a  bacterial  disease.  An 
endeavor  was  made  to  determine  this  point,  but  the  beetles  in  the 
check  cages  died  as  rapidly  as  those  which  were  exposed  to  infection, 
and  no  conclusion  could  be  drawn. 

PAKASITES  AND  PBEDACEOTJS  ENEMIES. 

No  parasites  attacked  the  beetles  during  the  spring  generation, 
and  none  has  so  far  been  observed  on  beetles  in  British  Columbia. 

Although  the  adults  have  no  known  predatory  enemies,  with  the 
possible  exception  of  some  birds,  the  younger  stages,  es|>ecially  the 
larvse,  are  subject  to  the  attack  of  several  creatures.  The  larva  of 
one  of  the  Carabidie  was  quite  plentiful  in  the  soil,  and  under 
laboratory  conditions  was  observed  to  feed  voraciously  upon  the  flea- 
beetle  larvae.  Two  species  of  centipedes  were  also  numerous,  but  only 
one  was  observed  feeding  upon  the  larvae.  This  species  was  very 
common  in  the  hopyards  and  probably  destroyed  a  large  number  of 
beetle  larvae. 

CONTBOL  MEASUBES. 

The  fact  that  the  beetles  hibernate  in  the  soil  as  well  as  in  the  poles, 
vine-stubs,  and  string- pegs,  that  the  younger  stages  are  all  passed 
beneath  the  surface  of  the  soil,  and  that,  when  they  emerge,  the  adults 
are  not  readily  killed  by  arsenicals  or  by  contact  insecticides,  made 
the  control  problem  at  first  appear  to  be  a  difficult  one.  During  the 
spring  and  summer  every  feasible  method  of  control  was  carefully 
tested,  and  of  the  following  measures  the  application  of  tanglefoot 
and,  under  some  conditions,  the  use  of  the  sticky  shield  have  proved 
to  be  the  key  to  the  flea-beetle  problem. 

THE  TARRED  BOARD  OR  STICKY  SHIELD. 

The  hibernating  beetles,  unless  in  unusually  large  numbers,  will 
not  require  any  attention,  but  the  sudden  appearance  of  the  first 
generation  just  before  the  vines  are  trained  may  require  the  use  of  the 
tarred  board  or  sticky  shield. 

The  tarred  board  which  was  used  during  the  spring  of  1909  was 
made  by  stretching  a  piece  of  8-ounce  canvas  over  a  light  wooden 
frame,  4  feet  long  by  3  feet  wide.    A  4-foot  strip  attached  to  the 
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middle  of  the  board  and  braced  by  an  upright  to  the  rear  edge  forms 
a  handle.  The  canvas  was  then  coated  with  tar;  hence  the  name 
"  tarred  board." 

During  the  first  part  of  the  season  a  tarred  board  was  placed  on 
each  side  of  a  vine  and  the  beetles  jarred  off  with  a  bunch  of  grass. 
This  was  slow  work,  and  it  was  found  by  actual  count  that  85  per 
cent  of  the  beetles  that  were  on  the  vines  could  be  captured  by  placing 
a  single  board  on  the  leeward  side  of  a  vine.  The  beetles  are  thrown 
onto  it  with  a  single  sweep  of  a  large  brush  (PI.  IV,  fig  !)•  This 
method  reduces  the  cost  of  going  over  the  field  one-half,  and  twice 
the  acreage  can  be  relieved  in  the  same  length  of  time. 

Although  effective  as  a  flea-beetle  catcher,  this  tarred  board  is  a 
heavy  and  awkward  thing  to  handle.  A  light  shield  which  promises 
to  be  as  efficient  as  the  heavy  tarred  board  is  made  of  light  galvanized 
iron,  3  feet  wide  and  2  feet  high,  the  top  of  the  iron  being  tacked 
around  a  curved  board  to  hold  it  in  shape.  A  piece  of  screen  wire  is 
fastened  on  the  inside  to  prevent  the  oil  from  running  down,  and  to 
make  it  fit  close  around  the  base  of  the  vine  a  curved  notch  is  cut  in 
the  bottom.  The  shield  is  operated  by  means  of  a  hose-covered  wire 
handle  which  is  attached  between  the  center  of  the  iron  and  the  mid- 
dle of  the  top  board. 

The  handle  is  held  in  the  left  hand,  and,  steadying  the  shield  with 
the  right,  the  notch  is  placed  close  to  the  base  of  the  vine.  Then, 
holding  the  shield  at  an  angle  of  about  45°,  the  beetles  are  brushed 
onto  the  screen  with  a  large  feather  duster  (Pi.  IV,  fig.  2). 

Brushes. — During  the  first  of  the  season  many  sorts  of  brushes  were 
tried.  Leafy  birch  twigs  made  a  very  effective  brush,  but  did  not  last 
long;  grass  was  not  rigid  enough,  and  broom  straw  was  too  stiff. 
The  best  green  brush  was  made  of  young  fir  or  cedar  boughs.  These 
form  a  screen  as  well  as  a  brush  and  last  all  day.  Cutting  twigs  and 
making  brushes,  however,  becomes  expensive,  so  that  a  large  feather 
duster  proves  to  be  cheapest  in  the  end. 

TARRED  SLEDGES. 

When  the  second  generation  of  beetles  appeared  in  1908,  tarred 
sledges  8  feet  long  and  w  ide  enough  to  fill  the  spaces  between  rows 
were  used  to  advantage.  Eight  or  10  of  these  sledges  drawn  by 
horses  were  run  parallel  with  each  other  and  the  beetles  jarred  down 
upon  them.  A  lighter  sledge  (fig.  13),  drawn  by  a  man,  was  devised 
in  1909,  but  since  the  tanglefoot  has  proved  so  effective  this  sledge  is 
unnecessary. 

Crxide  oil  or  tar, — Both  crude  oil  and  tar  are  effective  when  used 
on  shields  or  sledges.  Tar  has  more  disadvantages,  for  on  cold  days 
it  is  very  thick  and  on  warm  days  dries  rapidly,  and  in  either  condi- 
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tion  may  not  catch  the  "  fleas."  On  the  other  hand,  the  oil  is  always 
sufficiently  liquid  and  does  not  dry.  Neither  substance  injures  the 
vine,  and,  although  crude  oil  is  the  most  satisfactory,  the  tar  does 
very  well. 

BANDING   WITH   TANGLEFOOT. 

It  was  observed  during  the  season  of  1908  and  also  in  1909  that  the 
beetles  did  not  fly  or  jump  upon  the  vines,  but  crawled  up  the  stems. 
This  fact  suggested  the  possibility  of  keeping  them  down  by  means  of 
a  sticky  band,  and  a  number  of  experiments  were  conducted  along 
this  line. 
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Pig.  13. — Hindoo  using  tarred  hand  sledge  for  capture  of  hop  flea-beetles.     (Original.) 

Fearing  that  the  tanglefoot  might  injure  the  tender  vines  if  it 
was  applied  directly  to  them,  cotton  was  first  wound  around  the 
stems  and  the  tanglefoot  smeared  over  that.  The  bands  were  placed 
2  feet  from  the  ground,  and  all  near-by  leaves  removed  to  prevent  the 
formation  of  a  bridge.  Two  weeks  later  the  leaves  below  the  bands 
and  all  of  the  leaves  of  unhanded  vines  were  completely  riddled  by 
the  beetle,  while  the  leaves  which  were  above  the  bands  were  un- 
touched (fig.  14). 

It  was  found  that  the  tanglefoot  does  not  injure  the  epidermal 
tissues  and  can  be  applied  to  the  most  tender  vines.     This  fact  has 
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Plate  IV. 


Fio.  1.— Hindoo  Using  Tarred  Board  and  Evergreen  Brush  to  Destroy  Hop 
Flea-Beetles.    (Original.) 
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Fig.  2.— Method  of  Using  Light  Sticky  Shield  and  Feather  Duster  in  Combating 
THE  Hop  Flea-Beetle.    (Original.) 
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greatly  simplified  the  operation  and  has  made  banding  much  more 
jiractical. 

Since  the  beetles  can  not  crawl  over  the  bands  the  vines  are  per- 
fectly protected.  In  case  the  beetles  are  numerous  when  the  vines 
are  first  trained,  the  tanglefoot  may  be  applied  at  that  time,  or  if 
the  beetles  are  not  troublesome  during  the  first  generation  it  may  be 
applied  after  the  vines  are  stripped  so  it  will  be  ready  for  the  second 
brood.  In  that  case,  however,  the  poles  must  be  banded  as  well  as 
the  vines,  for  the  beetles  have  a  habit  of  climbing  the  poles  and  crawl- 
ing along  the  wires,  where  they  do  much 
damage  to  the  hop  cones. 

Effect  upon  the  beetles. — ^The  tangle- 
foot bands  not  only  keep  the  beetles  off 
of  the  vines  but  a  large  number  of  them 
are  caught  in  it.  In  places  where  the 
beetles  were  very  thick,  hundreds  of 
them  became  entangled  in  it  and  in  some 
instances  so  many  got  caught  that  they 
formed  a  bridge  over  which  the  others 
crawled.  Beside  being  killed  by  coming 
in  contact  with  the  tanglefoot,  many  are 
starved  to  death  by  being  kept  away 
from  the  hop-leaves.  This  was  espe- 
cially true  in  the  yards  that  were  kept 
well  cultivated  and  all  suckeip  cut  away. 
If  the  weeds  are  not  allowed  to  grow  in 
the  yards  and  the  vines  and  poles  are 
well  banded,  most  of  the  beetles  will 
either  be  caught  in  the  bands  or  starved 
to  death,  the  remainder  going  into  win- 
ter quarters  in  such  poor  condition  that 
there  will  be  few  beetles  the  next  spring. 

Application, — It   is   necessary   to   get 
the  tanglefoot  well  into  the  spaces  be- 
tween the  two  vines,  the  simplest  way 
to  apply  it  with  the  hands. 


Fig.  14. — Banded  hop  vine,  show- 
ing condition  of  leaves  above 
and  below  the  band.   (Original.) 


to  accomplish  this  being 
A  section  about  G  inches  long  should 
be  coated  with  the  tanglefoot,  care  being  taken  that  no  parts  are 
missed  and  that  no  leaves  are  left  to  form  a  bridge  across  it.  A 
strip  around  each  pole  about  3  feet  from  the  ground  should  be 
trimmed  off  with  an  ax,  so  that  the  tanglefoot  may  be  applied  easily. 
A  small  paddle  about  2  inches  wide  is  the  best  thing  with  which  to 
apply  the  tanglefoot  to  the  poles,  for  only  a  narrow  band  is  needed 
there.  The  amount  of  tanglefoot  used  per  acre  varies  according  to 
the  number  of  poles  and  vines.    In  one  yard  where  the  trellis  poles 
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were  rather  close  together,  10  pounds  were  used  to  the  acre.  Al- 
though the  tanglefoot  is  apparently  very  disagreeable  material  to 
apply,  it  is  easily  washed  off  the  hands  with  a  little  kerosene  or  even 
with  soap  and  hot  water. 

DESTRUCTION    OF    HIBERNATING    BEETLES. 

In  poles. — Since  a  large  number  of  beetles  were  found  hiberna- 
ting in  places  where  they  might  be  attacked,  it  was  believed  advisable 
to  destroy  them.  The  slivers  on  the  trellis  poles,  under  which  the 
beetles  were  hibernating,  were  struck  with  an  ax,  forcing  them  back 
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FiQ.  15. — Killing  the  hop  flea-beetles  In  the  poles.     (Original.) 

against  the  solid  wood,  and  thus  either  crushing  the  insects  or  jarring 
them  out.  A  tarred  board  was  made  which  fitted  close  around  the 
base  of  the  pole  and  caught  all  the  beetles  which  fell  down  (fig.  15). 
The  rotten  parts  of  the  pole  were  chopped  off  and  burned.  Any 
beetles  which  fell  out  during  this  operation  were  caught  on  the  tar, 
and  the  fire  destroyed  the  rest.  This  is  the  most  practical  way  of 
killing  the  beetles  in  the  poles,  as  it  is  cheap  and  very  effective. 

In  vine-stubs  and  string-pegs. — ^As  stated  under  the  head  of  "  Hi- 
bernation," the  vine-stubs  and  string-pegs,  which  are  usually  left  in 
the  field  when  cleaning  up  in  the  fall,  may  shelter  a  considerable 
number  of  flea-beetles.     In  order  to  determine  whether  or  not  the 
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number  present  in  such  places  is  sufficient  to  warrant  their  destruc- 
tion, two  hundred  or  more  of  these  should  be  gathered,  the  beetles 
counted,  and  the  average  number  of  beetles  per  hill  determined.  If 
the  number  of  beetles  found  will  warrant  the  expense,  the  vine-stubs 
and  string-pegs  should  be  gathered  during  the  cold  weather  and 
burned.  In  case  the  temperature  is  above  40°  F.  the  stubs  and  pegs 
should  be  collected  into  tarred  buckets  to  prevent  any  beetles  from 
escaping.  Below  40°  the  beetles  are  inactive  and  this  precaution  is 
unnecessary. 

BORDEAUX   MIXTURE.^ 

Bordeaux  mixture  has  long  been  recommended  as  a  deterrent 
against  flea-beetles,  and,  should  the  overwintering  adults  severely 
attack  the  young  hop-shoots,  may  prove  quite  effective  against  the 
hop  flea-beetle.  During  the  spring  of  1909,  when  the  hops  were 
coming  out  of  the  ground,  an  infested  region  was  thoroughly  sprayed 
with  the  5-5-50  formula,  several  rows  being  left  as  checks.  Unfor- 
tunately wet  weather  followed,  which,  while  it  favored  the  growth  of 
the  hops,  held  the  beetles  back  so  that  no  definite  conclusions  could  be 
drawn. 

The  Agassiz  hopyards,  at  the  time  that  the  beetles  became  numer- 
ous, were  sprayed  with  the  same  formula.  The  Bordeaux  mixture 
certainly  deterred  the  beetles,  but  drove  them  to  the  growing  tips, 
where  they  seriously  damaged  the  terminal  bud.  This  destruction  of 
the  terminal  bud  is  very  undesirable,  as  it  causes  the  plant  to  force 
out  arms  close  to  the  ground.  Besides  driving  the  beetles  to  the  grow- 
ing tips,  the  Bordeaux  mixture  burned  the  tender  buds  and  also 
those  leaves  that  were  badly  chewed  by  the  beetles.  Much  damage 
was  done  in  this  way. 

Since  it  was  evident  that  the  5-5-50  formula  was  too  strong,  a 
series  of  experiments  was  conducted  to  determine  the  relative  effect- 
iveness of  the  5-5-50,  the  2^-10-50  Bordeaux  mixture,  and  straight 
slaked  lime,  15  pounds  to  the  50  gallons,  as  deterrents.  Two-thirds 
of  each  vine  chosen  for  this  experiment  was  thoroughly  sprayed  with 
the  various  materials.  A  cloth  cage  was  placed  over  each  one,  and  a 
large  number  of  flea-beetles  were  liberated  inside.  Five  days  after 
setting  these  experiments  it  was  observed  that,  although  the  sprayed 
portions  were  slightly  eaten,  the  unsprayed  parts  were  decidedly 
preferred,  the  lime  being  as  effective  a  deterrent  as  the  strong  Bor- 
deaux mixture.  Even  though  these  experiments  were  fairly  satis- 
factory, more  work  should  be  done  along  these  lines  at  the  time  that 

o  For  details  In  regard  to  the  preparation  of  Bordeaux  mixture  the  reader  is 
referred  to  Farmers'  Bulletin  243,  entitled  "  Fungicides  and  their  Use  in  Pre- 
venting Diseases  of  Fruits." 
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the  hops  are  just  coming  up  and  during  a  season  when  the  hibernated 
beetles  are  very  numerous,  in  order  to  get  more  extensive  results. 

BORDEAUX-TOBACCO  EXTRACT. 

In  endeavoring  to  combine  a  deterrent  with  a  contact  insecticide, 
the  6-5-50  Bordeaux  mixture  and  blackleaf  tobacco  extract  at  the 
rate  of  1  gallon  to  65  gallons  were  mixed  together.  Vines  were 
treated  the  same  as  in  the  previous  experiment,  and  on  examination 
after  five  days  it  was  observed  that  the  Bordeaux-tobacco  mixture 
Was  as  effective  a  deterrent  as  the  Bordeaux  mixture  alone.  Its  in- 
secticidal  properties  were  tested  by  spraying  a  group  of  beetles  which 
was  placed  upon  a  soil-covered  cloth,  and  which,  after  being  sprayed, 
was  covered  with  a  cage.  After  twenty-four  hours  65  per  cent  were 
dead.  In  cases  where  the  beetles  are  very  numerous  and  a  large 
percentage  of  them  are  around  the  vines,  a  Bordeaux-tobacco  mix- 
ture should  prove  effective. 

TOBACCO  DUST. 

In  order  to  determine  the  value  of  ground  tobacco  as  an  insecti- 
cide, a  large  sheet  was  covered  with  a  thin  layer  of  soil,  and  on  this 
was  spread  a  ring  of  tobacco  dust  1^  feet  wide.  A  healthy  lot  of 
beetles  was  placed  in  the  center  of  this  ring,  and  the  few  that  managed 
to  cross  were  caught  and  placed  in  a  cage.  Most  of  the  beetles 
perished  in  the  tobacco  dust,  and  those  that  grossed  soon  died.  After 
the  dew  had  caked  the  powder,  however,  all  of  the  beetles  which 
were  placed  in  the  center  of  the  ring  crossed  the  tobacco  unharmed, 
even  though  some  of  them  carried  small  pieces  of  tobacco  with  them. 

Although  the  beetles  are  able  to  cross  the  caked  tobacco,  the  insec- 
ticidal  properties  are  not  entirely  lost,  for  when  broken  up  and 
sprinkled  onto  the  beetles  it  killed  them  as  readily  as  the  fresh 
material. 

Application  on  mangels. — ^A  large  plot  was  selected  in  an  infested 
mangel  patch  and  the  tobacco  dust  thoroughly  applied.  The  fol- 
lowing day  only  a  few  beetles  were  found  on  this  plot,  while  the 
adjoining  rows  contained  as  many  as  ever.  The  tobacco  dust  is  more 
effective  on  mangels  than  on  hops,  because  the  plants  are  close  to 
the  ground  and  can  be  more  readily  covered  with  the  powder. 

IMPRA.CT1CAL    MEASURES. 

Against  beetles  in  the  poles. — Spraying  with  a  distillate  or  some 
other  contact  insecticide  was  suggested  as  a  means  of  killing  the 
beetles  in  the  poles,  but  the  "  fleas "  are  so  far  back  in  the  slivers 
and  so  deep  in  the  rotten  portions  of  the  wood  that  a  spray  will  not 

82 


Digitized  by  VjOOQ IC 


LIFE  HISTOBY  AND  CONTROL   OF  HOP  FLEA-BEETLE. 


55 


reach  them.  Painting  the  poles  with  crude  oil  or  a  thick  crude-oil 
paint  with  the  idea  of  blocking  the  beetles  in  was  another  suggestion, 
and  several  experiments  were  conducted  along  this  line.  Whiting 
was  used  as  a  filler  and  the  poles  were  thoroughly  coated  with  the 
mixture.  This  formed  a  sticky  coating  when  first  applied,  but  the 
oil  was  soon  absorbed  by  the  wood,  and  neither  acted  as  a  barricade 
nor  a  sticky  trap  for  those  that  might  crawl  up  the  pole.  At  the 
time  that  the  majority  of  the  beetles  were  believed  to  be  hibernating 
in  the  trellis  poles,  dipping  them  in  hot  crude  oil  was  offered  as  a 
sure  cure.  This  process,  if  properly  handled,  would  probably  de- 
stroy all  the  beetles  that  were  in  the  poles,  but  the  few  present  in  that 
situation  did  not  war- 
rant such  expense.  A 
fumigatorium  (fig.  16) 
was  made  which  could 
be  placed  around  a 
trellis  pole,  and  many 
fumigation  experi- 
ments were  tried  dur- 
ing the  winter.  Wlien 
the  thermometer  was 
below  32°  F.  the  bee- 
tles were  apparently 
unaffected  by  the 
gases,  and  under  field 
conditions  the  wind 
blew  so  hard  that  it 
was  impossible  to 
make  the  fumigator- 
ium tight  enough  for 
effective  work.  Such 
a  method,  too,  would 
require  a  great  deal  of 

time  and  labor,  and  as  a  practical  control  measure  is  out  of  the 
question.  Several  attempts  were  made  to  burn  the  beetles  that  were 
in  the  poles.  In  one  experiment  kerosene  was  painted  on  the  wood 
and  lighted,  and  in  another  an  oiled  gunny  sack  was  lighted  and 
wound  around  the  base  of  a  pole  which  was  then  inclosed  in  the 
fumigatorium.  By  the  latter  method  a  few  beetles  were  killed,  but 
as  wood  is  such  a  poor  conductor  of  heat  few  were  heated  sufficiently 
to  injure  them. 

Rolling  the  yards. — The  fact  that  beetles  were  observed  hibernating 
in  the  grass  and  just  under  the  surface  of  the  soil  led  to  the  sug- 
gestion that  rolling  the  yards  with  a  heavy  roller  would  kill  a  large 
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16. — Fumigating  trellis   poles   to  destroy   hop  flea- 
beetles.     (Original.) 
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number  of  them  which  happened  to  be  in  such  locations.  To  deter- 
mine this  point  30  beetles  were  placed  in  each  of  three  lamp  chimneys 
and  set  over  clumps  of  grass.  As  the  cool  evenings  approached  the 
fleas  worked  down  into  the  sod,  and  before  the  frost  was  off  of  the 
grass  the  next  morning  a  heavy  roller  was  run  over  these  clumps 
from  three  different  directions.  The  lantern  chimneys  were  then  re- 
placed and  the  sod  taken  into  the  laboratory.  On  examination  only  2 
injured  beetles  were  found.  Twelve  in  the  first  clump,  10  in  the  sec- 
ond, and  15  in  the  third  were  uninjured.  The  other  beetles  were  not 
recovered  and  probably  escaped  during  the  rolling.  A  large  block  in 
one  of  the  yards  was  rolled  over  at  this  time  (fig.  17),  but  no  differ- 
ence could  be  seen  between  the  number  of  beetles  which  emerged  on 
the  treated  block  and  the  number  which  came  out  on  the  rest  of 
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-Holiing  the  hopyards  with  heavy  roller,  as  an  experiment  In  the  control  of  the 
bop  flea-boetle.     (0rlj?lnal.) 


the  field.  The  chitin  of  the  hibernating  beetles  is  very  hard.  The 
beetles  are  not  readily  injured  when  rolled  between  the  thumb  and 
finger,  and  it  is  very  improbable  that  a  satisfactory  percentage  could 
be  killed  by  rolling  the  field  in  which  the  beetlei?  are  hibernating. 

SPRAYING. 

When  the  beetles  became  numerous  on  the  sprouting  hops,  the  pos- 
sibility of  the  use  of  contact  insecticides  or  of  arsenicals  was  brought 
to  the  attention  of  the  writer,  and  a  number  of  sprays  were  carefulW 
tested. 

Blacldeaf  tobacco  extract, — Flea -beetles  which  were  thoroughly 
drenched  with  blackleaf  tobacco  extract  at  the  rate  of  1  gallon  to  65 
gallons  of  water  soon  died,  but  many  beetles  jumped  through  the 
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spray  and  escaped.  This  material  did  not  hurt  the  tender  vines,  but 
the  beetles  were  not  killed  unless  they  were  completely  covered  with  it. 

Kerosene  emulsion. — According  to  Professor  Quayle's  experiments 
of  1908,  kerosene  emulsion  ranks  next  to  blackleaf  tobacco  extract  in 
effectiveness  against  this  flea-beetle. 

Whale-oil  soap. — Wliale-oil  soap  at  the  rate  of  1  pound  to  10  gal- 
lons of  water  was  applied  to  hop  "  fleas "  which  were  attacking 
mangels.  When  a  beetle  chanced  to  become  the  center  of  a  drop  of 
spray  it  soon  died,  but  a  little  soap  on  one  side  or  on  its  elytron  did 
not  injure  it  in  the  least. 

Besin  lye. — The  resin-lye  spray  used  at  the  rate  of  1  pound  of 
resin  to  10  gallons  of  water  was  a  little  more  effective  than  the  whale- 
oil  soap,  but  was  far  from  satisfactory. 

Arsenicals. — Although  the  hop  flea-beetle  is  supposed  to  be  very 
resistant  to  arsenicals,  laboratory  experiments  proved  that  a  fair  per- 
centage may  be  killed  by  the  use  of  either  arsenate  of  lead  or  Paris 
green.  For  good  results  the  arsenate  of  lead  should  be  used  at  the 
rate  of  5  pounds  to  50  gallons  of  water,  and  the  vines  should  be  kept 
well  covered  with  it,  but  since  the  vines  grow  very  rapidly  such  a 
method  becomes  too  laborious  and  costly. 

TRAPS. 

Trap  foods. — It  is  evident  from  the  results  obtained  in  the  pre- 
ferred food-plant  experiments  that  the  best  trap  food  for  beetles, 
either  on  the  hops  or  on  the  mangels,  is  the  nettle,  the  tomato  for  the 
hop  and  the  rhubarb  for  the  mangel  coming  next.  Since  the  hop  is 
preferred  to  any  other  plant,  and  since  it  comes  up  at  the  same  time 
as  the  nettle,  the  only  chance  to  use  a  trap  food  is  in  the  fall  after  the 
hops  are  gone.  The  borders  of  the  fields  are  the  only  places  where  a 
trap  crop  can  possibly  be  grown,  because,  when  the  hops  are  gathered, 
the  pickers  would  trample  down  anything  that  was  growing  between 
the  rows.  If  the  nettles  which  grow  along  the  fences  are  thoroughly 
sprayed  with  arsenate  of  lead  or  Paris  green  about  the  time  that  the 
hops  are  picked  a  large  number  of  beetles  may  be  killed. 

Trap  lights. — ^The  beetles  which  were  brought  into  the  laboratory 
appeared  to  be  quite  positively  phototropic,  and  with  the  hope  that 
trap  lights  might  prove  successful  these  were  tried  under  field  condi- 
tions. A  lantern  set  on  a  tanglefooted  board  was  placed  in  an  in- 
fested mangel  patch.  Although  the  beetles  were  numerous  on  the 
mangels  all  around  the  light,  only  a  few  of  them  were  attracted  to 
it.  They  could  be  seen  crawling  around  on  near-by  leaves,  but  ap- 
parently had  no  desire  to  approach  the  light.  The  same  results  were 
obtained  with  the  acetylene  light,  the  increased  intensity  having  no 
effect  upon  the  beetles. 

Trap  shelters. — The  use  of  trap  shelters  to  catch  the  hibernating 
beetles  was  one  of  the  first  control  measures  which  were  thought  of. 

82 


Digitized  by  VjOOQ IC 


58  SOME  INSECTS  INJURIOUS  TO  TRUCK  CROPS. 

The  idea  was  to  distribute  them  around  the  field  while  the  beetles  are 
still  active  and  collect  them  as  soon  as  the  beetles  hibernate.  Under 
laboratory  conditions  beetles  entered  two  sorts  of  traps  very  readily. 
The  one  is  made  by  cutting  the  old  vine  stems  into  6-inch  sections 
and  tying  8  or  10  of  them  into  a  bundle.  The  other  trap  is  made  of 
corrugated  paper,  with  a  plain  sheet  fastened  on  each  side  with 
marine  glue.  This  leaves  a  row  of  tubes  into  which  the  beetles  can 
crawl.  Pieces  4  inches  square  were  to  be  pegged  out  with  slender 
pegs,  but  since  other  control  measures  have  proved  so  effective  the 
experiment  has  never  been  tried  in  the  field. 

CULTIVATION  AND  FERTILIZATION. 

The  earlier  the  hops  come  up  in  spring,  the  better  chance  there  will 
be  of  their  reaching  the  "  string "  before  the  beetles  attack  them. 
When  the  vines  are  once  on  the  string  they  can  be  protected  with 
tanglefoot  bands  or  by  the  use  of  tarred  boards. 

Inasmuch  as  cultivation  and  fertilization  tend  to  bring  the  vines 
up  earlier  in  the  spring  they  aid  in  the  control  of  the  beetles,  and  if 
clean  cultivation  is  practiced  after  the  vines  are  tanglefooted  a  large 
number  of  beetles  will  starve  to  death'. 

BECOMMENDATIONS. 

The  first  knowledge  that  the  hop  growers  will  probably  have  of  the 
presence  of  the  hop  flea-beetle  in  dangerously  large  numbers  will  be 
attack  by  the  beetles  upon  the  vines  about  the  time  that  they  are 
ready  to  train.  The  "  fleas  "  at  this  time  may  be  greatly  reduced  in 
numbers,  so  that  the  vines  can  reach  the  strings,  by  the  use  of  the 
sticky  shield  (p.  49)  or  the  heavier  tarred  board  (p.  48). 

After  the  vines  are  trained  the  beetles  are  readily  controlled  by  the 
use  of  the  tanglefoot  bands.  These  bands  should  be  renewed  on  the 
vines,  and  the  trellis  poles  should  also  be  banded  at  the  time  that  the 
vines  are  tied  in  and  stripped,  or  just  before  the  appearance  of  the 
second  generation.  These  tanglefoot  bands  form  a  perfect  barrier 
to  the  insects.  Even  though  the  beetles  are  present  in  very  large 
numbers  they  can  not  reach  the  upper  parts  of  the  hop  vines,  which 
can  therefore  produce  a  crop  without  molestation. 

In  order  to  starve  the  beetles  the  yards  should  be  well  cultivated 
and  all  suckers  cut  from  the  bases  of  the  vines.  If  this  is  done  the 
emerging  insects  will  find  very  little  to  feed  upon.  In  some  cases 
the  destruction  of  the  beetles  which  hibernate  in  the  trellis  poles, 
string  pegs,  and  vine  stubs  may  be  advisable,  but  if  the  banding  is 
thoroughly  done  and  the  yards  are  kept  clean  during  the  growing 
season,  very  few  beetles  will  live  through  the  winter  to  attack  the 
vines  in  the  following  spring. 
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BIOLOGIC  AND  ECONOMIC  NOTES  ON  THE  YELLOW-BEAR 

CATERPILLAR. 

(Diacrisia  virginica  Fab.)o 

By  H.  O.  Marsh,  Agent  and  Expert, 

BECENT  INJXJBY. 

During  the  late  summer  and  fall  of  1909  there  was  a  serious  out- 
break of  the  common  yellow-bear  caterpillar  (Diacrisia  virginica 
Fab.)  in  the  upper  Arkansas  Valley  of  Colorado.  Never  before  in 
the  history  of  the  valley  had  this  species  been  so  destructive,  and 
the  outbreak  came  as  a  surprise  to  all  concerned. 

The  larvae,  or  caterpillars,  of  the  first  generation  developed  nor- 
mally on  weeds  along  the  fences  and  irrigation  ditches  and  caused 
little  damage  to  cultivated  crops,  but  the  larvae  of  the  second  gener- 
ation, which  began  to  develop  about  the  middle  of  August,  were  so 
numerous  that  the  weeds  were  not  sufficient  to  support  them  and 
they  spread  to  sugar  beets  and  other  crops. 

The  sugar  beets,  because  of  the  extensive  acreage  and  the  large 
supply  of  food  which  their  tender  foliage  offered,  were  more  severely 
damaged  than  any  other  crop.  The  larvae  were  variously  estimated 
to  have  infested  from  15,000  to  20,000  acres  of  sugar  beets  in  the 
upper  portion  of  the  Arkansas  Valley.  Definite  records  from  this 
vast  acreage  show  that  fully  1,000  acres  were  badly  defoliated. 

The  larvae  of  this  second  generation  developed  so  late  in  the  season 
that  the  injury  to  which  the  beets  were  subjected  did  not  noticeably 
reduce  the  tonnage,  but  all  over  the  worst  infested  area  there  was  a 
reduction  in  sugar  content  and  quality.  Owing  to  the  other  factors, 
such  as  late  rains  and  a  disease  known  as  '^leaf  spot"  (Cercospora 
beticola  Sacc),  which  also  tended  to  lower  the  sugar  content,  any- 
thing more  definite  than  an  approximate  statement  concerning  the 
loss  of  sugar  in  the  beets  would  be  very  misleading.  However, 
estimates  based  on  comparative  analyses  made  by  the  chemists  at 

. —  '■■     * : 

«  Formerly  known  as  Spilosoma  virginica  Fab. 
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the  various  sugar  factories  indicated  that  there  was  a  loss  in  sugar 
content  of  from  1  to  3  per  cent  over  the  badly  defoliated  area.  Over 
a  large  part  of  the  infested  area  the  defoUation  was  not  bad  enough 
to  cause  any  very  noticeable  loss. 

The  author's  first  observations  in  the  Arkansas  Valley^  on  tliis 
species  were  made  on  July  23,  1909,  at  Rocky  Ford,  Colo.,  and  the 
following  is  a  summary  of  his  notes  at  that  place  and  at  other  points 
in  Colorado  and  Kansas  during  the  season.  All  notes,  except  when 
other  localities  are  mentioned,  were  taken  at  Kocky  Ford. 

Before  entering  into  a  discussion  of  the  biology,  of  the  plants 
injured,  of  the  experiments  made,  and  of  other  matters,  attention  is 
called  to  the  illustration  (fig.  18)  which  shows  the  female  moth, 
larvse,  cocoon,  and  pupa.  This  needs  no  further  explanation  than 
to  state  that  the  moth  is  of  moderate  size,  its  spread  of  wings 


Fia.  18.— The  yellow-boar  caterpillar  (Diacrisia  virginica):  a,  Female  moth;  b,  larva;  c,pale  form  of  larva; 
d,  cocoon;  ^  pupa.    (From  Chittenden.) 

being  from  1 J  to  1 J  inches,  ornamented  with  black  dots  as  indicated, 
and  that  the  larvse  vary  in  coldr,  the  dark  form  (b)  and  white  form  (c) 
being  shown. 

BIOLOGIC  NOTES. 

On  July  23  nearly  mature  larvje  of  the  first  brood  were  fairly 
abundant  on  lamb's  quarters  along  the  fences  and  irrigation  ditches. 
In  some  places  it  was  noticed  that  they  had  spread  from  the  weeds 
to  sugar  beets  and  had  stripped  the  foliage  from  the  first  three  or 
four  rows  nearest  the  fences.  On  August  3  and  4  full-grown  larv» 
were  found  in  moderate  numbers  on  sugar  beets  and  lamb's  quarters 
at  Fort  Collins  and  Greeley  in  northern  Colorado,  and  on  August  10 
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a  large  cluster  of  eggs  of  this  species  was  taken  on  a  sugar-beet  leaf 
at  Rocky  Ford,  Colo.  August  13,  at  a  seed  farm  east  of  Rocky  Ford, 
many  clusters  of  eggs,  thousands  of  newly  hatched  larvae,  and  some 
larvae  one-third  grown  were  found  on  a  large  patch  of  rhubarb.  A 
dozen  or  more  moths  were  also  observed  on  the  rhubarb,  some  of 
which  were  depositing  eggs.  Rhubarb,  possibly  because  it  provided 
so  much  protection  to  the  moths,  was  a  favorite  food  plant  and  great 
numbers  of  eggs  were  deposited  on  it.  The  larvae,  after  partially  or 
completely  stripping  the  large  leaves,  spread  to  other  plants. 

By  August  24  larvae,  varying  in  size  from  quite  small  to  one-half 
grown,  were  seen  in  many  beet  fields.  Infestation  was  usually  con- 
fined to  spots,  often  only  a  comer  of  a  field  being  infested. 

By  September  6  infestation  had  become  general  and  there  was 
probably  not  a  field  of  beets  in  the  Rocky  Ford  district  in  which 
larvae  were  not  present,  at  least  in  small  numbers.  At  this  date  a 
large  portion  of  the  larvae  were  over  half  grown.  The  worst  infesta- 
tion occurred  within  a  radius  of  2^  miles  from  the  town.  With  few 
exceptions,  the  beets  outside  of  this  area  were  not  seriously  infested, 
and  later  examinations  throughout  the  infested  portions  of  the  valley 
showed  that  the  worst  infestations  were  close  to  the  towns,  although 
in  some  cases  the  infestation  extended  miles  beyond  them. 

September  11  the  first  cocoon  was  found,  containing  a  larva  which 
pupated  a  few  days  later.  By  September  14  many  larvae  had  matured, 
left  the  beets,  and  were  seen  hurrying  away  in  search  of  places  for 
pupation.  September  17,  several  larvae  were  found  dead  from  a 
fungous  disease.  By  September  20,  although  larvae  were  still 
abundant  and  as  many  as  16  individuals  were  counted  on  a  single 
beet,  many  had  matured  and  crawled  under  heaps  of  weeds,  grass, 
rubbish,  boards,  etc.,  along  fences  and  irrigation  ditches,  and  had 
formed  cocoons.  Of  20  cocoons  which  were  examined  at  this  time, 
19  contained  live  larvae  and  1  a  new,  soft  pupa.  Seventeen  of  these 
larvae  pupated  within  the  next  three  or  four  days.  At  this  date, 
September  20,  a  large  acreage  of  the  beets  had  been  badly  defoliated. 
In  some  fields  nothing  remained  of  the  foUage  except  a  few  young 
leaves  (which  the  larvae  usually  avoided) ,  the  petioles,  and  some  of 
the  larger  veins  of  the  older  leaves. 

September  22,  in  the  corner  of  one  beet  field,  over  an  area  about 
three-fourths  of  an  acre  in  extent,  many  larvae  were  troubled  with  a 
iimgous  disease  identified  as  Botrytis  bassiana  Bals.  About  '2  per 
cent  of  the  larvae  had  died  from  this  cause.  It  was  noted  September 
25,  and  later  throughout  the  Rocky  Ford  district,  that  the  disease 
had  not  spread  and  that  diseased  larvae  did  not  exist  or  were  rare, 
except  in  this  comer. 

By  September  27  larvae  were  noticeably  less  abundant  and  many 
defoliated  beets  were  putting  out  new  tops.     Before  the  Diacrisia 
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infestation  became  very  bad  a  considerable  amount  of  the  older 
beet  foliage  had  been  killed  by  the  *4eaf-spot"  disease  (Cercospora 
beticola  Sacc.)  and  the  plants  had  put  out  a  new  stock  of  leaves.  The 
Diacrisia  attack,  following  ihe  " leaf-spot''  injury,  made  necessary 
still  another  crop  of  leaves  before  the  beets  could  mature.  By 
October  5  the  bulk  of  the  larvae  had  entered  winter  quarters.  The 
cocoons  were  common  under  weeds  and  many  contained  pupae.  On 
October  12  there  were  still  a  few  belated  larvce  on  the  beets. 

Between  October  14  and  24  a  trip  was  made  through  the  beet- 
growing  sections  of  the  Arkansas  Valley.  At  Las  Animas,  Colo., 
about  30  miles  east  of  Rocky  Ford,  the  larvce  had  been  abundant 
and  destructive.  This  place  appeared  to  be  the  eastern  lunit  of 
injury.  Examinations  and  inquiries  made  at  Lamar  and  Holly, 
Colo.,  ^nd  at  Garden  City,  Kans.,  showed  that  the  larvae  had  not 
occurred  in  unusual  numbers  at  those  places.  West  and  north  in 
the  Arkansas  Valley  the  larvae  occurred  in  injurious  numbers  as  far 
as  the  beets  were  grown,  i.  e.,  into  the  country  around  Pueblo  and 
Sugar  City,  Colo. 

As  late  as  October  24  occasional  larvae  still  occurred  on  the  beets 
at  Rocky  Ford,  Colo.  At  this  date  100  cocoons  were  collected  from 
under  boards  and  weeds  and  examined.  Seventy-four  contained 
live  pupae,  4  contained  dead  pupae,  in  10  were  live  larvae,  and  in  12 
dead  larvae.  Two  of  the  live  larvae  had  the  eggs  of  a  tachinid  parasite 
fastened  on  their  backs  and  one  of  the  dead  larvae  contained  a  live 
tachinid  larva.  The  other  larvae  had  evidently  died  either  from  a 
fungous  disease  or  from  natural  causes.  Two  of  the  dead  pupae 
were  deformed  and  the  other  two  had  evidently  died  from  disease. 
By  October  30  the  larvae  had  almost  completely  disappeared  from  the 
beet  foliage. 

A  remarkable  feature  of  this  outbreak  is  that  the  larvae  had  so  few 
natural  enemies.  Birds  did  not  eat  them,  and  with  the  exception  of 
a  few  individuals  which  were  killed  by  parasites  and  disease  they 
appeared  to  be  unmolested. 

On  November  12  thousands  of  healthy  pupae  were  in  condition  to 
pass  the  winter  safelj^.  If  the  pupae  are  not  killed  by  man  or  by 
adverse  weather  conditions,  there  is  every  indication  that  there  will 
be  another  outbreak  of  the  pest  during  1910. 

LIST  OF  PLANTS  INJXJRBD. 

During  September,  when  the  larvae  occurred  in  most  noticeable 
abundance,  they  were  found  feeding  on  the  following  plants:  Sugar 
beet,  stock  beet,  table  beet,  rhubarb,  cabbage,  cauUflower,  turnip, 
radish,  celery,  carrot,  parsnip,  eggplant,  potato,  pumpkin,  squash, 
watermelon,  cantaloupe,  sweet  potato,  com,  lima  bean,  string  bean, 
asparagus,  pea,  peanut,   alfalfa,   hollyhock,  morning-glory,  canna, 
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hyacinth,  dahlia,  cherry,  gooseberry,  blackberry,  raspberry,  currant, 
grape,  dock  (Rumex),  Amaranthus,  Chenopodium,  Helianthus, 
Solanum  rostratum,  Verbesina,  Ambrosia,  Russian  thistle  (Salsola 
tragus  Auct.),  and  Spanish  needle. 

EXPERIMENTS  WITH  ABSENICALS. 

Opportunity  was  afforded  for  testing  arsenate  of  lead  and  Paris 
green  as  means  of  suppressing  the  yellow-bear  caterpillar  on  sugar 
beets  and  celery. 

Experiments  were  made  as  follows : 

Experiment  No,  1. — Arsenate  of  lead  applied  at  the  rate  of  6  pounds 
in  100  gallons  of  water. 

Experiment  No,  2. — Arsenate  of  lead  at  the  rate  of  8  pounds  in  100 
gallons  of  water. 

Experiment  No.  S. — Arsenate  of  lead  at  the  rate  of  10  pounds  in 
100  gallons  of  water. 

Experiment  No,  4- — Arsenate  of  lead,  8  pounds  to  100  gallons, 
applied  twice  to  the  same  plants,  practically  equaling  16  pounds  of  the 
arsenate  to  100  gallons  of  water. 

In  these  experiments  150  gallons  of  the  mixture  at  the  various 
strengths  were  applied  September  7-9,  1909,  to  3  acres  of  sugar  beets 
with  an  ordinary  barrel  sprayer,  mounted  on  a  cart  and  drawn  by  a 
mule.  The  sprayer  was  fitted  with  an  8-row  attachment  and  nozzles 
of  the  Vermorel  type,  and  the  upper  surface  of  the  beet  foliage  was 
given  an  even  coating  of  poison.  Traces  of  the  poison  were  visible 
on  the  sprayed  foliage  for  nearly  a  month  after  application. 

These  four  experiments  were  entirely  unsuccessful,  as  practically 
no  larvje  were  killed  either  in  the  field  or  in  cages  supplied  iwith 
poison-coated  leaves.  In  both  cases  the  poisoned  foliage  was  eaten 
readily.  A  sample  of  the  arsenate  of  lead  used  in  the  experiments 
was  analyzed  by  the  Bureau  of  Chemistry  and  found  to  be  of  unusu- 
ally good  quality. 

Experiment  No,  ^. — Arsenate  of  lead  (Disparene)  at  the  rate  of  8 
pounds  in  100  gallons  of  water. 

September  21,  6  gallons  were  applied  with  a  small  compressed-air 
sprayer  fitted  with  a  nozzle  of  the  Mistry  type  to  8  rows  of  celery, 
each  about  90  yards  in  length.  A  very  thorough  and  even  coat  of 
poison  was  given  the  plants,  but  very  few  larvse  were  killed. 

An  analysis  made  of  this  arsenate  of  lead  by  the  Bureau  of  Chemis- 
try showed  that  it  was  of  unusually  good  quality. 

Experiment  No,  6, — Paris  green,  5  pounds,  and  lime,  5  pounds,  to 
each  100  gallons  of  water. 

September  25,  2  gallons  of  this  mixture  were  applied  with  a 
compressed-air  sprayer  and  nozzle  of  the  Mistry  type  to  2  rows  of 
celery,  each  about  90  yards  in  length.     Twenty-four  hours  after  the 
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treatment  15  per  cent  of  the  larvse  were  dead,  and  A^dthin  three  or 
four  days  few  larvae  remained  on  the  plants.  The  disappearance 
of  the  larvae  was  npt  entirely  due  to  the  Paris  green,  as  the  celery  was 
sprayed,  at  about  the  same  time  the  poison  was  applied,  with  a  solu- 
tion of  lye-sulphur  for  the  common  red  spider  ( Tetranychus  himaculan 
tus  Harv.).  .This  solution  was  evidently  very  distasteful  to  the 
larvae  and  they  went  over  to  the  unsprayed  or  check  plants. 

Experiment  No,  7. — Paris  green,  8  pounds,  and  lime,  8  pounds,  to 
100  gallons  of  water. 

September  1  about  40  gallons  of  this  mixture  were  applied  to  1 
acre  of  sugar  beets  with  the  same  equipment  used  in  Experiments 
Nos.  1,  2,  3,  and  4.  Some  trouble  was  experienced  in  keeping  this 
mixture  in  suspension,  but  a  fairly  even  coat  of  poison  was  made, 
which  remained  visible  for  at  least  ten  days  after  the  treatment. 

This  application  was  ineffective,  for  although  a  few  partly  grown 
larvae  were  killed  the  number  was  so  small  that  a  week  later  the 
larvae  were  as  abundant  on  the  sprayed  plants  as  on  those  unsprayed. 
Analysis  made  of  a  sample  of  the  Paris  green  used  in  this  experiment 
showed  it  to  be  of  good  quality. 

Experiment  No.  8, — Paris  green,  10  pounds,  and  lime,  10  pounds,  in 
100  gallons  of  water.  On  September  12,  6^  gallons  of  this  mixture 
were  applied  with  a  compressed  air  sprayer  and  Mistry  type  nozzle 
to  5  rows  of  celery,  each  row  being  100  yards  in  length.  Although 
the  mixture  required  frequent  agitation  to  hold  the  poison  in  suspen- 
sion, an  even  coat  of  poison  was  applied. 

Twenty-four  hours  after  the  application  55  per  cent  of  the  larvae 
were  dead,  and  three  days  later  but  few  living  individuals  could  be 
found  on  the  sprayed  plants,  while  on  the  check  row  they  were  still 
abundant.  This  treatment  was  extremely  effective,  as  practically 
100  per  cent  of  the  larvae  were  killed. 

Experiment  No.  9. — Paris  green,  10  pounds,  and  lime,  10  pounds,  to 
100  gallons  of  water.  On  September  21,  9  gallons  of  this  mixture 
were  applied  to  10  rows  of  celery,  each  row  being  about  90  yards  in 
length.  This  experiment  was  a  repetition  of  No.  8,  and  the  results 
were  practically  the  same. 

Experiment  No.  10. — Paris  green,  10  pounds,  and  10  pounds  of 
lime  to  100  gallons  of  water.  On  September  14  about  35  gallons  of 
this  mixture  were  applied  to  a  little  over  half  an  acre  of  sugar  beets. 
An  ordinary  barrel  sprayer  mounted  on  a  handcart  was  used.  The 
sprayer  was  fitted  with  an  agitator  so  small  that  it  was  impossible 
to  keep  the  poison  in  suspension.  As  a  result  the  bulk  of  the  poison 
was  applied  to  the  first  few  rows  of  beets  sprayed.  Owing  to  rain  of 
the  previous  day  the  soil  was  so  moist  in  the  beet  field  that  the  pump 
could  not  be  taken  into  it,  and  the  mixture  had  to  be  applied  through 
a  50-foot  length  of  heavy  garden  hose  and  a  nozzle  of  the  Vermorel 
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type.  The  hose  could  not  bo  handled  to  advantage,  and  an  extremely 
poor  and  unsatisfactory  application  was  made. 

Where  the  coat  of  poison  was  thick,  a  good  many  of  the  larvae 
were  killed,  but  as  the  amount  of  poison  diminished  the  number  of  dead 
larvae  diminished  also  and  the  experiment  was  considered  a  failure 
from  every  standpoint. 

Shortly  before  any  of  the  above  experiments  were  undertaken,  one 
of  the  beet  growers  made  tests  with  Paris  green  at  the  rates  of  1 
pound  and  2  pounds  in  50  gallons  of  water  against  these  larvae  on 
sugar  beets.  These  tests  were  not  made  under  the  writer's  direction, 
but  from  all  appearances  careful  work  was  done.  The  poison,  did 
not  kill  a  material  number  of  the  larvae;  and  as  these  strengths 
were  so  obviously  ineffective,  the  apparently  excessive  strengths 
were  used  in  the  experiments  which  were  conducted  later. 

In  none  of  the  experiments  with  arsenate  of  lead  was  the  foliage, 
either  of  sugar  beets  or  celery,  burned,  but  with  Paris  green,  wherever 
the  foliage  was  partly  eaten  there  was  some  burning.  This,  however, 
was  not  serious  in  any  case.  Leaves  remaining  entire,  even  the  very 
tender  ones  at  the  center  of  the  plants,,  were  uninjured. 

The  weather  conditions  were  ideal  during  the  time  these  experi- 
ments were  made. 

The  results  of  these  spraying  experiments  are  summarized  in  the 
following  table: 

Results  of  experiments  with  sprays  against  the  yellow-hear  caterpillar  (Diacrisia  virginica) 

an  sugar  beets  and  celery. 


Experi- 
ment 
num- 
ber. 


Dat? 


Insecticide  used. 


Larva?  killed. 


Remarks. 


1903. 

1 Sept.       7     Arsenate  of  lead  6  pounds  to 

100  gallons  of  water.  I 

I  I 

2 do Arsenate  of  lead  8  pounds  to 

.  I  100  gallons  of  water. 

3 Sept.       9     Arsenate  of  lead  10  pounds 

to  100  gallons  of  water. 

4 Sept.    7-8     Arsenate  of  lead  10  pounds 

to  100  gallons  of  water. 


Sept. 
Sept. 


Sept. 


10. 


Sept. 

12 

Sept. 

21 

Sept. 

14 

Arsenate  of  lead  8  pounds  to 
100  gallons  of  water. 

Paris  green  5  pounds  and 
lime  5  pounds  to  100  gal- 
lons of  water. 


Paris  green  8  pounds  and 
lime  8  pounds  to  100  gal- 
lons of  water. 

Paris  green  10  pounds  and 
lime  10  pounds  to  100  gal- 
lons of  water. 

Paris  green  10  pounds  and 
lime  10  pounds  to  100  gal- 
lons of  water. 

Paris  green  10  pounds  and 
lime  10  pounds  to  100  gal- 
lons of  water. 


Very  f  »w Applied  to  sugar  beets  with  bar- 

,  rel  sprayer  fitted  with  8-row 
I     attachment. 

do I  Applied  to  sugar  beets  with  8-row 

I      sprayer. 

do I         Do. 


do 8  to  100  mixture  applied  twice  to 

same  plat  of  sugar  beets  with 
I     8-row  sprayer. 

do Applied  with  hand  sprayer  to 

celery. 
Applied    to   celery    ^^ith    hand 
sprayer.    The  larvje  deserted 
this  plat  because  it  was  also 


At    least    15 
cent. 


per 


Practically  100  per 

cent. 


sprayed  with  lye-sulphur  solu- 
tion   for     the    common     red 
'      spider. 

Very  few j  Applied  with  8-row  sprayer  to 

;      sugar  beets. 

Applied  with  hand  sprayer  to 
celery. 

Applied  with  hand  sprayer  to 
celery.  Repetition  of  experi- 
ment No.  8  to  determine  effect 
on  older  larvte. 

Applied  to  sugar  beets.  Results 
inconclusive  because  of  poor 
application  with  faulty 
spray  or. 
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It  will  be  seen  that  arsenate  of  lead,  even  when  applied  at  an 
excessive  strength  by  hand  or  machine  sprayer,  was  entirely  ineffec- 
tive against  the  larvsB  of  D.  inrginica  on  sugar  beets  and  celery. 
Paris  green,  when  applied  very  thoroughly  by  hand  to  celery,  gave 
perfect  results  when  used  at  excessive  strengths,  but  when  applied 
to  sugar  beets  with  a  ma<3hine  sprayer  (the  only  practical  method 
wth  such  a  crop)  it,  too,  proved  ineffective. 

The  failure  to  kill  the  larvae  was  not  due  to  their  being  nearly 
mature,  as  in  the  earlier  experiments  they  varied  in  size  all  the  way 
from  one-fourth  to  three-fourths  grown;  and  as  the  development  of 
this  species  is  very  irregular  there  were  larvae  present  which  were 
not  over  half  grown  when  all  the  experiments  were  made. 

Judging  from  the  results  of  these  experiments,  the  arsenicals  can 
not  be  depended  on  to  control  the  larvae  of  D,  virginica  on  sugar 
beets.  It  is  evident  that  clean  cultural  methods  offer  the  best  chance 
of  keeping  this  species  under  control.  The  larvae  are  very  general 
feeders,  and  during  the  early  growing  season  they  evidently  prefer 
weeds,  such  as  lamb's-quarters,  for  food.  Much  benefit  would  be 
gained  by  keeping  the  ditch  banks,  and  spaces  along  the  fences, 
free  from  weeds. 

On  reaching  maturity  the  larvae  crawl  under  heaps  of  dead  weeds, 
tufts  of  grass,  boards,  and  other  rubbish,  along  the  ditches  and 
fences.  In  such  quarters,  which,  especially  in  the  case  of  weeds  and 
grass,  offer  but  slight  protection,  they  construct  frail  cocoons  in 
which  the  pupae  pass  the  winter.  There  is  no  better  method  of  fight- 
ing this  species  than  to  burn  the  weeds,  grass,  etc.,  under  which  the 
pupae  find  protection.  This  burning,  which  can  be  done  any  lime 
between  November  1  and  April  1,  would  not  only  have  the  advantage 
of  destroying  quantities  of  weed  seeds  and  Diacrisia  pupae,  but  would 
also  kill  the  *' alkali  bugs"  (Monoxia  sp. ?)  which  hibernate  under 
the  weeds  in  the  same  places  as  the  Diacrisia  pupae. 

In  the  field  the  larvae  were  watched  for  over  three  weeks,  or  until 
a  large  proportion  of  them  had  matured  and  left  the  plants  to  pupate. 
The  arsenate  of  lead  was  visible  on  the  beet  foliage  during  all  of  this 
time.  A  few  larvae  were  put  in  a  cage  supplied  with  the  poison- 
coated  leaves  from  the  sprayed  plats  immediately  after  the  applica- 
tion was  made.  These  leaves  were  almost  completely  consumed 
during  the  following  two  days  and  after  that  unsprayed  foliage  was 
given  them.  Only  one  small  larva  out  of  about  25  died,  although 
they  were  kept  caged  and  under  daily  observation  for  ten  days  or 
until  the  oldest  individuals  began  to  prepare  to  pupate. 

Personally  the  writer  believes  that  the  failure  to  kill  the  larvie 
was  due,  in  part  at  least,  to  the  fact  that  an  insufficient  amount  of 
spray  was  used  to  the  acre.  Fully  100  gallons  to  the  acre  should 
have  been  applied. 
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SOME  INSECTS  INJURIOUS  TO  TRUCK  CROPS. 


NOTES  ON  THE  CUCUMBER  BEETLES. 

By  F.  H.  Ghittbndbn, 
hi  CSuarge  of  Truck  Crop  and  Stored  Product  iMeet  InveUigoHonM. 

INTBODUCTOBT. 

Among  insects  injurious  to  useful  crops  are  many  species  of  Dia- 
brotica,  most  of  which  for  convenience  we  may  term  cucumber 
beetles,  the  term  including  such  species  as  feed  upon  cucurbits  and 
rimilar  plants.  The  commonest  and  best  known  examples  are  the 
striped  cucumber  beetle**  (Diabrotica  viMata  Fab.),  the  twelve-spotted 
cucumber  beetle  or  southern  com  root-worm  (Z>.  duodedmpunctata 
Oh  v.),  and  a  western  species  related  to  the  last,  known  as  Diabrotica 
aoror  Lee.  All  of  these  are  of  the  highest  economic  importance.  The 
first  mentioned  is  one  of  the  most  injurious  species  affecting  truck 
crops:  the  second  is  very  troublesome  in  the  Southern  States,  while 
the  last  is  about  equally  injurious  in  the  Pacific  region.  In 
addition  to  these  we  now  know  of  several  other  species  which 
habitually  or  occasionally  affect  truck  crops.  In  all  there  are  a  full 
score  of  species  of  this  genus  and  two  subspecies.  A  few  of  these  are 
more  often  foimd  on  com  and  grasses,  hence  will  not  be  considered  in 
this  article. 

The  notes  which  follow  are  supplemented  by  a  more  detailed  article, 
by  Mr.  H.O.  Marsh,  on  the  same  and  other  species.  The  species 
which  the  writer  will  consider  have  never  been  treated  at  any  length 
in  a  departmental  publication,  and  the  illustrations  are  here  presented 
for  the  first  time. 

a  The  economic  treatment  of  the  first  two  species  mmitioned,  the  striped  and  the 
twelve-spotted  cucumber  beetles,  is  given  in  Circulars  Nos.  31  and  59,  respectively. 
In  the  latter,  the  western  com  root-worm,  which  is  more  of  a  field-crop  insect,  is  also 
treated.  These  publications  may  be  obtained  free  of  charge  on  application  to  the 
Secretary  of  Agriculture. 
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THE  SADDLED  CXTCX7HBEB  BEETLE. 


(Diabrotica  connexa  Lee.) 

What  appears  to  be  the  first  report  of  attack  by  the  saddled  cucum- 
ber beetle  (Diabrotica  connexa  Lee.)  was  that  made  by  Mr.  C.  S.  Spooner, 
April  10,  1907,  while  engaged  in  truck  crop  insect  investigations 
in  this  Bureau.  It  was  found  attacking  cucurbitaceous  plants  at 
Corpus  Christi,  Tex.  Mr.  E.  A.  Schwarz,  of  this  Bureau,  however, 
states  that  he  had  met  with  it  commonly  in  western  Texas  in  eariier 
years,  attacking  cucurbits. 

This  species  (fig.  19)  belongs  to  the  same  series  as  Diabrotica  balteata 
Lee, but  to  a  group  in  which  the  anteniUB  have  the  third  joint  fully  as 

long  as  the  fourth  and  twice  as  long 
as  the  second.  The  elytra  or  wing- 
covers  are  dark  ochraceous  yellow 
with  a  purpUsh-brown  transverse 
band  at  the  base,  another  just  for- 
ward of  the  middle,  and  with  four 
roundish  spots  of  the  same  color  rep- 
resenting a  third  band.  The  first 
two  bands  are  usually  united  on  their 
outer  edges,  inclosing  a  more  or  less 
heart-shaped  area  of  ochraceous  yel- 
low color.  The  head  is  colored  about 
like  the  bands  and  spots  on  the  elytra. 
This  insect  is  a  Uttle  larger  than  /?. 
balteata  and  measures  nearly  three- 
tenths  of  an  inch  (7  mm.)  in  length. 
It  is  recorded  by  Horn,**  who  describes  the  adult  in  detail,  from 
"Texas  and  Mexico.''  Jacoby**  figures  the  species  and  mentions 
Tuxtla  in  Mexico. 


Fio.  10.— The  saddled  cucumber  beetle  (Dio- 
brotka  connexa):  Beetle,  about  6  times  natural 
8ixe.    (Original.) 


THE  PAINTED  CUOUMBEB  BEETLE. 

(Diabrotica  pidicomis  Horn.) 

October  13,  1905,  Mr.  F.  C.  Pratt  observed  the  painted  cucumber 
beetle  (Diabrotica  picticomis  Horn)  at  San  Antonio,  Tex.,  in  great 
numbers  in  the  blossoms  of  okra  and  on  beets,  associated  with  Z?. 
balteata.  The  species  was  received  December  12,  1906,  from  Mr. 
F.  B.  Headley,  from  San  Antonio,  Tex.,  with  the  report  that  it  was 
eating  vetch  and  horse  beans.  It  was  associated  with  D,  balteata  and 
D,  12-yunctata.  Mr.  C.  S.  Spooner  observed  the  same  species  on 
squash  and  on  cotton  at  San  Antonio,  Tex.,  in  June,  1907. 

a  Trans.  Amer.  Ent.  Soc,  Vol.  XX,  p.  91,  1893. 

h  Biol.  Centr.-Amer.,  Coleop.,  Phytophaga,  Vol.  VI,  Pt.  1, 1887,  fig.  20,  PI.  XXXII. 
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Following  is  a  description  of  the  egg: 

The  egg. — Opaque  buff,  the  surface  slightly  or  apparently  pulverulent,  finely  sculp- 
tured, and  ringed  in  many  deep  hexagonal  pits  as  in  other  species  of  Diabrotica.  The 
outline,  however,  is  extremely  irregular,  and  the  size  is  similarly  variable.  Average 
length,  0.7  mm.;  width,  0.5  mm. 

The  eggs  were  obtained  in  large  numbers,  deposited  singly  and 
distributed  over  the  lower  surface  of  cucumber  leaves.  The  eggs 
under  observation  were  deposited  June  24  to  July  3. 

This  species  (fig.  20)  belongs  to  the  same  series  as  D,  halteata  but 
to  a  group  in  which  the  antennae 
have  the  second  and  third  joints 
small,  together  rarely  longer  than 
the  fourth.  The  elytra  or  wing- 
covers  are  ornamented  about  as  in 
D.  connezaj  but  with  the  four  round- 
ish posterior  spots  forming  a  cres- 
cent. The  head  and  meta thorax 
are  black,  as  are  the  bands  and  spots 
on  the  elytra.  The  thorax  varies 
from  dark  yellow  to  bright  red.  The 
beetle  measures  less  than  three- 
tenths  of  an  inch  (6.5  mm.)  in 
length. 

The  distribution  recorded  extends 
only  from  Texas  to  Mexico.     Horn 
Ooc.  cit.)  wrote  of   the   distribution,  ''Occurs    in   Texas,   locality 
imknown.'' 

THE  BELTED  CXTCTTMBEB  BEETLE. 

(Diabrotica  halteata  Lee.) 

What  is  probably  the  first  record  of  injurious  attack  by  the  belted 
cucumber  beetle  (Diabrotica  halteata  Lee),  or,  indeed,  the  first  record 
of  any  food  plant  for  it,  was  made  in  1904  in  an  editorial  note  in 
Bulletin  44  of  this  Bureau  (p.  84).  Specimens  of  the  beetle  were 
received  from  Mr.  A.  L.  Herrera,  December  3,  1902,  with  the  report 
that  the  species  was  injurious  to  wheat  at  Salvatierra,  Guanajuato, 
Mexico. 

The  first  report  of  injury  in  this  country  was  made  by  Mr.  F.  C. 
Pratt,  of  this  Bureau,  October  5-7,  1905,  while  at  Brownsville,  Tex. 
Mr.  Pratt  observed  the  adults  of  this  leaf-beetle  in  great  numbers 
on  beans,  com,  and  okra,  especially  in  the  blossoms,  and  on  cucum- 
bers. In  this  locality  it  practically  displaced  the  two  usually  more 
common  cucumber  beetles,  D,  12-punctata  Oliv.  and  2).  vittata  Fab. 
In  its  work  on  beans  it  resembles  the  bean  leaf-beetle  (Cerotoma 
trifarcata  Forst.).     The  same  species  was  observed  under  the  same 


Fio.  20.— The  iMdnted  ououmber  beetle  (Dto- 
brotica  pi^icomii):  Beetle,  about  6  times 
natural  size.    (Original.) 
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conditions  at  San  Antonio,  Tex.,  October  13,  and  at  New  Braunfels, 
Tex.,  October  27. 

December  12,  1906,  this  species  was  received  at  the  Bureau  of 
Entomology  from  Mr.  F.  B.  Headiey,  San  Antonio,  Tex.,  with  the 
report  that  it  was  injuring  vetches  and  horse  beans.  It  was  asso- 
ciated with  Diabrotica  IZ-punctata  and  Z).  picticomis. 

June  15,  1907,  Mr.  C.  S.  Spooner,  while  working  under  the  writer's 
direction  at  San  Antonio,  Tex.,  found  numerous  beetles  of  this 
species  on  squash,  where  it  was  associated  with  D.  picticomis.  It 
was  also  noticed  on  cotton. 

During  1908,  Mr.  D.  K.  McMillan,  of  this  Bureau,  observed  this 
beetle  during  March  on  eggplant  at  Olmito,  Tex.,  eating  melon 


FlO.  21.— The  belted  cucumber  beetle  (Diabrotica  baUeata):  a,  Pupa;  b,  anal  seg- 
ment of  same;  c,  beetle;  d,  eggs;  e,  much  enlarged  surface  of  same;  /,  anal 
segment  of  larva;  g,  larva,  dorsal  view,  c,  g,  About  6  times  natural  size;  a, 
d,  a  little  more  enlarged;  b,  e,  still  more  enlarged.    (Original.) 

leaves  at  Brownsville,  Tex.,  in  May,  and  on  beans  and  eggplant  at 
Harlingen,  Tex.,  in  November,  attacking  the  blooms. 
The  egg  of  this  species  may  be  described  as  follows: 

The  egg. — Pale  yellowish  buff,  with  the  surface  moderately  shining,  and  with  the 
usual  hexagonal  pits  well  defined  but  comparatively  shallow.  Form  somewhat  regu- 
lar oval,  corresponding  rather  closely  to  that  of  Diabrotica  vitlata.  Length,  0.61  mm.; 
width,  0.35  mm. 

The  eggs  were  first  obtained,  July  1,  in  three  masses  deposited,  in 
confinement,  on  the  lower  surface  of  cucumber  leaves,  the  individual 
eggs  being  so  closely  applied  to  each  other  that  they  could  hardly 
be  separated  without  breaking  them. 

During  1910  Mr.  M.  M.  High  found  this  beetle  attacking  lettuce, 
cabbage,   and    onions  at    Brownsville,   Tex.     February  22  it  was 
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observed  feeding  on  onions  on  the  farm  of  a  Mr.  Bass  at  Lyford, 
Tex.  In  some  instances  the  adult  was  observed  some  distance 
toward  the  apex  and  on  the  inside  of  the  leaf.  A  hole  was  made  in 
the  middle  portion  of  the  leaf  just  large  enough  for  the  insect  to 
enter.  In  this  way  it  conceals  itself  and  feeds  quietly  from  the  inner 
side  of  the  onion  leaf. 

This  species,  with  the  others  here  considered,  belongs  to  what 
Horn  has  classified  as  Series  A  of  the  genus.  Thus  classified  they 
are  related  to  the  common  twelve-spotted  cucumber  beetle  (Z>.  12- 
punctata  Oliv.).  The  characters  by  which  they  are  separated  from 
Series  B  and  C,  which  also  include  injurious  forms,  are  as  follows: 

The  elytra  or  wing-covers  are  irregularly,  not  closely  punctate; 
the  surface  is  without  impressed  striae  or  sulci  (channels) ;  the  tibiae 
or  shanks  have  a  distinct  carina  or  ridge  extending  the  entire  length 
of  the  outer  edge.  In  this  series  halteata  falls  into  a  second  group  in 
which  the  second  and  third  joints  of  the  antennae  are  small,  together 
rarely  longer  than  the  fourth,  usually  shorter. 

The  beetle,  illustrated  by  figure  21,  c,  is  greenish  yellow  in  well- 
preserved  specimens,  with  red  head,  black  metathorax,  and  elytra 
ornamented  with  three  transverse  green  bands.  Sometimes  these 
bands  have  a  bluish  tint  and  frequently  also  are  almost  entirely 
lacking,  the  species  showing  great  variation  in  this  regard.  The 
length  is  from  one-fifth  to  one-fourth  of  an  inch  (5-6  mm.). 

The  distribution  accorded  by  Horn  is  from  Texas  southward 
through  Mexico  to  Colombia,  South  America,  but  that  it  can  occa- 
sionally extend  its  range  or  is  accidentally  carried  to  other  regions 
is  proved  by  a  specimen  which  the  writer  saw  when  it  was  collected 
at  Rosslyn,  Va. 

THE  WESTERN  TWELVE-SPOTTED  CUCUMBER  BEETLE. 

{Diabrotica  soror  Leo.) 
EECENT  INJURY. 

The  records  of  the  Bureau  of  Entomology  show  considerable 
injury  by  the  western  twelve-spotted  cucumber  beetle  {Diabrotica 
soror  Lee.)  in  recent  years,  especially  in  1907  and  1908.  December 
11,  1906,  Mr.  Frederick  Maskew  wrote  that  of  the  insects  collected 
from  the  foliage  of  growing  beets  in  and  near  Oxnard,  Cal.,  this 
species  was  the  most  plentiful.  It  could  be  seen  in  myriads,  copu- 
lating freely  at  that  time.  Injury  sometimes  attributed  to  wire- 
worms  was,  he  beUeved — judging  from  the  description  of  the  damage, 
its  suddenness,  and  its  short  duration — probably  the  work  of  the 
larva  of  this  species. 

During  1907  complaint  was  received,  March  3,  from  Mr.  O.  W.  R. 
Treadway,  Lodi,  Cal.,  of  injuries  to  melon,  cucumber,  squash,,  beans, 
59643°— Bull.  82,  pt  6—10 2 
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and  com;  August  4,  of  injury  to  cucumber  and  melon,  reported  by 
Mr.  S.  Halverson,  Gonzales,  Cal.;  August  7,  of  injury  to  cabbage, 
beans,  and  peas  at  Fort  Ross,  Cal.,  by  Mr.  J.  B.  Williams;  August  11, 
by  Prof.  E.  S.  G.  Titus  of  serious  injury  to  melons  at  Imperial  Junc- 
tion, Cal.,  for  that  and  the  previous  year.  September  2,  1907,  Mr. 
Williams  again  reported  injury  to  vegetables  at  Fort  Ross,  Cal., 
cabbage  being  badly  affected. 

Of  this  species,  Mr.  I.  J.  Condit,  of  San  Luis  Obispo,  Cal.,  wrote,  on 
September  6,  1907,  that  it  was  the  worst  pest  in  that  vicinity,  swarm- 
ing over  everything  and  evidently  having  no  choice  as  to  its  food. 
Gardeners  there  stated  that  they  could  not  grow  zinnas,  daisies,  and 
some  other  plants,  as  the  flowers  were  so  badly  eaten  that  they  were 
worthless.  The  blossoms  were  sprayed,  wliich  protected  them,  but 
the  new  buds  opening  the  following  day  were  attacked  just  as  severely. 

In  1908,  Mr.  H.  O.  Marsh,  while  carrying  on  investigations  for  the 
Bureau  of  Entomology  at  Tustin  and  Garden  Grove,  Cal.,  reported, 
September  24,  injury  by  the  larvae  to  peanuts.  At  that  time  larvae, 
pupae,  and  newly  formed  adults  were  common  in  soil  about  growing 
peanuts,  some  of  the  larvae  being  in  the  nuts  which  had  been  very 
badly  injured  by  this  species  and  a  species  of  Blapstinus.  Similar 
injury  was  noted  by  Mr.  C.  E.  Ott  at  Garden  Grove,  Cal.,  who  reported 
that  the  beetles  caused  him  considerable  trouble  by  nearly  ruining  a 
young  orange  grove  earlier  in  the  season. 

March  16  of  the  same  year,  Mr.  G.  E.  Beusel,  Oxnard,  Cal.,  sent 
specimens  of  this  beetle,  stating  that  it  was  attacking  beet  leaves. 
In  one  field  the  beetles  had  destroyed  a  very  good  stand  of  30  acres 
of  beets  in  a  few  days.  Our  correspondent  took  it  for  Diabrotica  12- 
pundatay  whose  larva  he  knew  developed  at  the  roots  of  grasses  and 
com.  He  also  stated  that  he  did  not  tliink  that  there  was  a  practical 
remedy  to  check  the  work  of  the  beetles  of  tliis  insect  on  young  beets. 

April  16,  Mr.  Thomas  J.  Simpson,  Noyo,  Cal.,  wrote  in  regard 
to  this  insect  and  its  work  in  gardens  in  that  vicinity.  In  summer 
they  were  so  thick  that  they  ate  leaves  from  beans,  potatoes,  corn,  and 
other  plants.  A  remedy  was  desired  that  would  not  poison  the  vege- 
tables. Writing  of  this  species  April  34,  Mr.  Edward  M.  Ehrhom,  San 
Francisco,  Cal.,  stated  that  in  some  seasons  this  beetle  was  quite  a 
pest  in  orchards,  especially  on  yoimg  trees,  and  that  at  times  it  also 
caused  much  damage  to  seed  farms.  The  parasitic  fly,  Celatoria 
diahroticse  Shhner,  in  certain  seasons  keeps  the  beetle  in  check, 
appearing  at  these  times  in  great  numbers,  probably  on  account  of 
weather  conditions. 

As  to  remedies,  he  thought  that  an  arsenical  dusted  on  the  plants 
would  be  preferable  to  an  arsenical  spray  in  treating  tliis  species  in 
beet  fields. 
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Mr.  Marsh  wrote  further  of  this  species  and  its  occurrence  at  Tustin, 
Cal.,  that  the  peanuts  were  growing  in  sandy  soil,  and  injury  was  every- 
where apparent,  but  that  larvae  and  pupse  occurred  September  28 
only  in  spots  in  the  heavier  sandy  soil.  Here  there  were  from  one 
to  twenty.  Usually,  however,  there  were  from  three  to  five  to  almost 
every  plant,  located  from  2  to  3  inches  below  the  surface.  Most  of 
the  larvae  had  matured.  The  pupae  were  found  in  very  fragile  cells, 
and  many  of  these  were  maturing,  and  there  were  many  adults  on 
the  foUage  and  many  soft,  newly  formed  ones  in  the  soil.  The  fact 
that  the  heavy  soil  is  more  moist  and  cooler  than  the  lighter  sand 
probably  accounts  for  the  later  maturing  of  the  beetles  in  such  loca- 
tions. Up  to  December  17,  the  species,  according  to  Mr.  Marsh, 
had  not  gone  into  hibernation,  the  adults  being  still  moderately 
common  on  spinach,  lettuce,  mustard,  and 
other  plants.  They  were  flying  or  crawling 
about  quite  actively  during  the  warm  part 
of  the  day,  and  appeared  to  prefer  spinach 
as  a  food  plant. 

DESCRIPTIVE. 

The  beetle  of  tliis  species  (fig.  22)  differs 
from  the  common  twelve-spotted  cucumber 
beetle  {Didbroiica  12-punctata)  by  hav- 
ing the  entire  lower  surface  black.  In 
a  good  series  of  specimens  at  hand  it  is 
noticeable  that  even  in  preserved  specie 
mens  the  species  imder  discussion  preserves 
more  of  the  natural  green  color  than  does 
the  eastern  species.  The  twelve  spots  are 
located  and  arranged  about  the  same  in  the  two  species,  but  in  D.  soror 
there  is  a  strong  tendency  to  the  union  of  at  least  one  pair  of  spots  on 
each  elytron  or  wing  cover.  The  pair  of  middle  spots  are  most  often 
confluent  or  united,  and  occasionally  both  the  middle  and  the  posterior 
spots  unite.  This  is  rare  in  the  eastern  species.  In  the  latter,  the 
lower  surface,  including  a  portion  of  the  femora,  is  yellow.  There  is 
no  great  difference  in  size,  but  the  eastern  species  will  average  a  little 
larger.  The  antennae  are  almost  piceous,  the  basal  three  joints  are 
slightly  paler,  and  the  thorax  is  less  transverse.  The  length  is  about 
6  millimeters. 

This  species  occurs  from  Oregon,  where  it  is  common,  southward 
through  CaUfornia  to  Arizona,  and  perhaps  extends  into  Mexico. 

The  immature  stages  of  this  species  have  been  described  by  Mr. 
R.  W.  Doane.<» 

a  Joum.  N.  Y.  Ent.  Soc,  Vol.  V,  pp.  15-17,  1897. 


Fig.  22.— The  western  twelve-spotted 
cucumber  beetle  {Diabrotica  soror): 
Female  beetle,  about  6  times  natural 
size.    (Original.) 
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As  nearly  as  can  be  made  out  without  having  fresh  specimens  of 
this  species  and  the  eastern  form  for  comparison,  there  is  only  slight 
difference  in  the  preparatory  stages. 

HABITS   AND   LIFE    HISTORY. 

According  to  the  author  quoted,  this  species  is  especially  injurious 
to  the  interests  of  florists,  the  beetles  eating  unsightly  holes  in  buds 
and  petals  of  roses,  chrysanthemums,  and  other  ornamental  flowers, 
feeding  also  on  the  leaves,  there  being  an  almost  unrestricted  range  of 
food  plants.  Orchardists  often  suffer  serious  losses  from  the  ravages 
of  the  beetles,  which  eat  into  young  forming  fruit  and  buds. 

In  Doane's  experience,  eggs  (see  fig.  23)  were  deposited  from  one- 
fourth  to  one-half  an  inch  below  the  surface  of  the  ground, -near  the 
base  of  the  food  plant,  sometimes  singly,  but  usually  in  numbers  of 

between  from  twenty  to  fifty.  Eggs 
in  confinement  hatched  in  about  eight- 
een days  (temperature  not  stated). 
Larvae  of  various  sizes  were  taken 
about  the  roots  of  different  plants  in 
March,  April,  and  May,  these  obser- 
vations being  presumably  made  at 
Palo  Alto,  Cal.  It  was  noticeable 
that  the  larvae  did  not  bore  into  the 
^'^^'^'^^'^'^^  roots,  as  do  our  eastern  species,  but 
Fig.  23.~The  western  tweivo-spotied  cuciim-  ate  the  roots  from  the  outside,  some- 

ber   beetle:  a,  Egg;  6,  small  egg  mass;  c.  d,    xj  cuttincr  VOUnff  TOOtletS  entirelv 

sculpture  of  egg.    6.  Much  enlarged;  a,  very    ^""^S  CULl-lIlg  youug  lOOLieiS  emireiy 

greatly  enlarged;    c,  d,  highly    magnified,    in   tWO.      They   WCrC   fouud   in    abun- 

(From  Webster,  unpublished.)  ^^^^^  {^^^mg  OH   the   TOOts    of   SWeet 

pea  and  alfalfa  and  sparingly  on  other  plants.  When  the  larva 
becomes  full  grown  it  approaches  the  surface  of  the  ground  and 
forms  an  oval  or  spherical  cell,  in  which  it  remains  ten  or  twelve  days 
before  transforming  to  the  pupa.  The  pupal  period  lasted  under 
observation  from  ten  to  fourteen  days.  Pupae  w^ere  first  noticed 
early  in  April.  The  periods  will  vary  with  temperature,  and  there 
are  indications  of  a  second  generation  in  southern  CaUfomia. 

OTHER  RECORDS  OF  INJURY. 

In  1880  mention  was  made  of  injury  by  this  species  to  the  fruit  of 
apricot  in  CaUfomia.'*  Injury  to  garden  plants  was  also  noted.  Men- 
tion was  made  of  great  destruction  to  fruits  and  vegetables  in  1890  in 
California.^  The  following  year  Mr.  Koebele  reported  injury  to 
young  com  by  the  larvae  at  Alameda,  Cal.,  often  three  to  five  larvae 
being  observed  cutting  off  the  roots  of  a  single  plant. '^    A  series  of 

a  ComBtock:  Ann.  Rep.  Comm.  Agr.  for  1879  (1880),  p.  246. 

6  Koebele:  Bui.  22,  O.  S.,  Div.  Ent.,  U.  S.  Dept.  Agr.,  p.  87,  1890. 

c  Insect  Life,  Vol.  Ill,  p.  468,  1891. 
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articles  was  published  on  this  species  from  1901  to  1902  by  Mr.  E.  J. 
Wickson.**  There  are  also  in  the  Bureau  unpublished  accounts  of 
injury  to  orange  trees,  the  leaves  of  which  are  skeletonized. 

Two  natural  enemies  of  this  species  have  been  observed;  one,  the 
tachina  fly,  Celaioria  didbroticse  Shim.,  also  described  as  Celatoria 
crawii  by  Mr.  Coquillett  in  1890.  ^  The  other  is  a  spider,  also  observed 
by  Mr.  Coquillett,  and  known  as  Xysticus  gvlosus  Keys.^ 

THE  WESTERN  STRIPED  CUCT7MBER  BEETLE. 

(Diabrotica  trivittata  Mann.) 

The  western  striped  cucumber  beetle  (Diabrotica  trivittata  Mann.), 
which  is  very  closely  related  to  the  eastern  striped  cucumber  beetle 
(Diabrotica  vittata  Fab.),  is  common  throughout  the  State  of  CaU- 
fomia  and  extends  into  Oregon,  where  it  practically  replaces  the 
eastern  form,  although,  according  to  records,  it  is  not  nearly  so 
injurious.  We  have  indeed  few  records  of  injurious  occurrences. 
Since  1898,  however,  when  the  writer  recorded  injuries  by  this  species 
to  cucurbits,  there  have  been  scattered  reports  of  injuries  to  this 
class  of  plants,  all  of  which  it  attacks.  It  attracts  much  more  atten- 
tion when  it  occurs  on  fruit  trees,  and  has  been  accused  of  considerable 
injury  to  ripening  peaches  and  apricots.  Like  the  eastern  form,  also,  it 
is  found  associated  with  a  closely  related  species,  in  this  case  the  western 
twelve-spotted  cucumber  beetle  just  considered.  From  the  striped 
cucumber  beetle  of  the  East  it  may  be  separated  chiefly  by  its  darker 
colors.  The  antennae  are  entirely  piceous,  the  thorax  bears  two 
coalescing  fovero,  and  the  legs,  with  the  exception  of  the  bases  of  the 
femora,  are  entirely  black. 

In  1903  we  received  report  of  injury  by  this  species  to  various 
plants  in  the  neighborhood  of  Dehesa,  Gal.,  and  in  July,  1905,  to  beans, 
cucumber,  squash,  and  the  silk  of  com  in  the  vicinity  of  Salem,  Oreg. 
In  this  latter  locality  it  was  associated  with  the  common  Diabrotica 
soror  Lee.  August  11, 1907,  Prof.  E.  S.  G.  Titus  stated  that  melons 
had  been  seriously  injured  for  two  years  past  in  the  vicinity  of 
Imperial  Junction,  Cal.  During  that  year  and  in  succeeding  years 
this  species  was  found,  by  various  agents,  collaborators,  and  special 
correspondents  who  visited  the  sugar-beet  region  of  the  Pacific  States, 
in  sugar-beet  fields,  where,  however,  it  was  doing  no  serious  injury. 

a  Pacific  Rural  Press,  June  30,  1900,  et  seq. 
6 Coquillett:  Insect  Life,  Vol.  II,  p.  233,  1890. 
cLoc.  cit.,  p.  74,  1890. 
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BIOLOGIC  NOTES  ON  SPECIES  OF  DIABROTICA  IN 
SOUTHERN  TEXAS. 

By  H.  0.  Marsh, 
Agent  and  Expert. 

INTRODUCTION. 

During  the  first  half  of  the  year  1909,  while  engaged  m  an  investi- 
gation of  insects  injurious  to  truck  crops,  an  opportunity  was  pre- 
sented to  make  a  study  of  the  species  of  leaf-beetles  of  the  genus 
Diabrotica  occurring  at  Brownsville,  Tex.,  and  vicinity. 

In  the  present  paper  the  species  considered  are  Diabrotica  halteaia, 
D.  picti^omiSf  D.  vittata,  and  2?.  IZ-pundata.  The  first  two  species 
are  rather  more  abundant  in  Texas  than  elsewhere  in  the  United 
States,  this  being  especially  true  of  the  second.  The  other  species 
have  a  more  general  distribution. 

I  am  under  obligations  to  Mr.  D.  K.  McMillan  for  the  descriptions 
of  the  early  stages  of  2).  halteaia  and  to  the  late  Dr.  C.  F.  Wheeler,  of 
the  Bureau  of  Plant  Industry,  for  identification  of  the  food  plants 
mentioned  in  the  text. 

OBSERVATIONS  ON  DIABROTICA  PICTICORNIS  Horn. 

The  painted  cucumber  beetle  {Diabrotica  picticornis  Horn)  was 
extremely  rare  in  southern  Texas  during  the  season  of  1909,  and  only 
occasional  specimens  were  observed,  although  during  May  and  June, 
1908,  Mr.  McMillan  noted  them  in  abundance  at  Brownsville,  Tex., 
eating  the  blossoms  and  foliage  of  cucurbits,  especially  that  of  Hub- 
bard squash. 

During  1909  the  first  specimen,  a  female,  was  taken  March  1  on  a 
Verbesina  blossom.  March  15  a  female  was  taken  feeding  on  cucum- 
ber foliage  and  continued  in  captivity  until  May  22,  but  she  deposited 
no  eggs.  April  15,  a  half  dozen  individuals  were  observed  on  cym- 
lings.  The  females  appeared  to  be  well  filled  with  eggs.  Of  two 
which  were  placed  in  confinement  at  that  date,  one  was  still  hving 
June  14,  but  neither  deposited  eggs. 

OBSERVATIONS  ON  DIABROTICA  BALTEATA  Leo. 

The  belted  cucumber  beetle  (Diabrotica  baJieata  Lee.)  is  active  dur- 
ing the  entire  year  in  southern  Texas,  and  is  by  far  the  most  injurious 
and  common  Diabrotica  in  the  lower  Rio  Grande  valley.     It  is  almost 
omnivorous  and  injuries  caused  by  it  are  thus  widely  distributed  and 
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less  noticeable  than  they  would  be  if  the  species  were  a  more  dainty 
feeder.  The  truck  growers  in  the  valley  view  this  species  as  an 
unavoidable  evil  and  make  little  effort  to  combat  it.  They  have  no 
distinctive  name  for  it,  and  it  is  not  unusual  to  hear  it  mentioned  as 
'* spotted  green-bug/'  ^^tomatobug/^  ^'pumpkin  bug/'  or  *'ladybug." 

FOOD   PLANTS. 

This  beetle  is  primarily  a  truck  crop  pest  and  has  been  observed 
actually  feeding  on  string  beans,  lima  beans,  English  broad  beans, 
tomatoes,  potatoes,  eggplant,  pepper,  turnip,  peas,  peanuts,  squash, 
cantaloupe,  cucumber,  watermelon,  pumpkin,  okra,  spinach,  beets, 
lettuce,  asparagus,  and  sweet  com.  Among  field  crops  attacked  are 
com,  soi^hum,  alfalfa,  cotton,  cowpea,  soy  bean,  and  vetch,  and 
Desmodium  tortuosum.  There  is  one  recorded  instance  of  its  injuring 
tender  fig  and  orange  leaves  and  it  was  found  feeding  on  the  foliage 
of  Seshania  aculeata  and  Cajanus  indicus  and  on  the  blossoms  of 
Dolichos  atropurpureus.  A  favorite  wild  food  plant  is  Verbesina 
encelioides.  The  beetles  gather  in  great  numbers  on  exposed  tubers 
of  IhervUlea  lindheimeri  and  more  rarely  feed  on  Amaranthus  retro- 
flexus  and  A^  spinosiLS,  They  also  feed  on  the  blossoms  and  foliage  of 
Solanum  elaeagnifolium  and  Helianthus. 

CHARACTER   OF    INJURY. 

Among  the  truck  crops  mentioned  beans  of  several  varieties  are 
often  seriously  injured,  many  blossoms  being  destroyed,  and  some- 
times young  and  tender  plants  are  entirely  killed.  With  eggplant, 
tomatoes,  and  cucurbits,  not  only  are  the  foUage  and  blossoms 
attacked,  but  the  unopened  blossom  buds  are  eaten  into  and  thus 
many  incipient  fruits  are  destroyed.  Injury  is  particularly  severe 
with  eggplant,  where  many  blossoms  are  ruined.  The  silk  and 
unripe  kernels,  as  well  as  foKage,  of  com  are  eaten  and  the  young 
com  plants  are  often  badly  riddled. 

The  larvae  were  found  feeding  on  com,  sorghum,  and  string  beans. 
In  the  case  of  com  and  sorghum  they  feed  on  the  larger  roots  and  bore 
into  the  crown,  while  with  beans  they  scrape  the  main  stalk  below  the 
surface  of  the  soil.  Injury  by  the  larvae  did  not  seem  serious  with 
any  plants  on  which  they  were  found. 

RECORDS    OF   OCCURRENCE. 

During  the  middle  of  January,  1909,  a  freeze  occurred  in  the  lower 
Rio  Grande  valley  which  killed  practically  all  tender  vegetation,  except 
in  sheltered  spots.  On  January  25  a  good-sized  patch  of  Verbesina 
encelioides  that  had  escaped  freezing  was  thickly  infested  with  the 
adults,  which  were  feeding  eagerly. 

About  twenty  nearly  mature  larvae  were  found  February  5  feeding 
at  the  roots  of  sorghum  at  Harlingen,  Tex.     These  were  placed  in 
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a  rearing  jar  and  one  made  its  cell  February  11,  pupated  on  February 
16,  and  the  adult  developed  February  27.  Adults  continued  to  issue 
until  March  5. 

The  beetles  were  abundant  at  Brownsville,  Tex.,  February  6,  on 
string  beans  which  they  nearly  defoliated.  February  11,  a  half- 
grown  larva  was  found  feeding  at  the  base  of  a  string  bean  plant. 

Adults  were  observed  feeding  on  tender  fig  leaves  at  Santa  Maria, 
Tex.,  February  24. 

March  5  about  twenty  eggs  were  found  at  the  base  of  string  bean 
plants.  The  female  beetles  had  evidently  gone  down  in  cracks  in  the 
earth  as  far  as  possible  and  oviposited  in  the  loose  soil  from  1  inch 
to  2  J  inches  below  the  surface  and  from  J  inch  to  2  inches  from  the 
plant.  The  eggs  were  placed  singly  as  a  rule,  but  a  few  were  in 
clusters  of  from  two  to  five.  No  larvae  were  observed  at  this  date. 
The  beetles  were  fairly  common  and  some  pairs  were  mating. 

Eggs  were  found  about  young  sweet  com  March  15,  placed  in  the 
loose  soil  at  the  base  of  the  plants,  singly  and  in  clusters  of  four  or 
five.    Twenty  eggs  were  found  about  one  small  plant. 

The  beetles  were  reported  seriously  injuring  young  pepper  and 
okra  at  Mercedes,  Tex.,  April  15. 

They  were  numerous  on  lima  beans  a  week  later,  attacking  chiefly 
the  large  first  leaves  and  cutting  large  holes  in  them.  It  appears  that 
they  return  repeatedly  to  the  same  leaf  and  eat  a  large  area  at  one 
place.  April  26  a  nearly  mature  larva  was  found  feeding  on  the 
roots  of  sweet  com. 

During  May  the  beetles  were  present  in  moderate  numbers.  On  the 
10th  some  were  observed  feeding  on  buds  of  tomato  and  on  squash 
foliage.  Females,  with  abdomens  distended  with  eggs,  were  present, 
and  one  or  two  of  these  which  were  placed  in  confinement  depo3ited 
eggs  on  the  12th. 

May  27  the  adults  were  fairly  common  on  alfalfa,  cotton,  tomatoes, 
and  English  broad  beans. 

NOTES   ON    LIFE   HISTORY. 

Beginning  with  March  1  an  effort  was  made  to  work  out  the  life 
history  of  this  species.  The  record  for  a  generation  at  this  time 
follows: 

Life-history  record  of  a  single  adult  female  of  Diahrotica  balteata  confined  March  1,  1909, 

March  1 Female  confined  in  rearing  jar. 

March  3 37  eggs  deposited. 

March  12 37  eggs  hatched. 

April  1 First  larvae  made  cells. 

April  7 First  larvae  pupated. 

April  18 First  adults  developed. 

April  20 First  adults  issued  from  cells. 

April  21 Last  of  adults  issued,  of  which  24  developed. 
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From  the  above  record  the  stages  are  as  follows: 

Days. 

Egg  stage 9 

Larval  stage 26 

Pupal  stage 11 

Total 46 

The  mature  larvae  remained  quiescent  in  the  cells  for  6  days  before 
pupating,  and  the  beetles  were  in  the  cells  from  2  to  3  days  before 
issuing.  The  adults  begin  to  feed  as  soon  as  they  leave  the  cells, 
although  they  are  still  soft  and  li^t  colored  for  from  3  to  5  days. 
No  pupse  were  found  in  nature,  but  in  the  rearing  jars  the  larvae, 
when  mature,  burrowed  into  the  soil  from  J  inch  to  2  or  3  inches  and 
formed  cells  by  wriggling  about.  The  larvae  and  pupae  were  very 
tender  and  were  easily  killed  if  handled  at  all  roughly  or  if  the  soil 
in  the  cages  became  dry.  A  moderately  moist  condition  appeared  to 
be  most  favorable. 

Three  females,  which  were  placed  in  confinement  during  the  first 
days  of  March,  deposited  respectively  during  one  day  as  follows;  23, 
45,  and  48  eggs.  The  incubation  period  of  these  eggs  varied  from  9 
to  11  days.  One  of  these  lots  was  carried  through  with  the  following 
results: 

Days. 

Egg  Stage... 9 

Larval  stage 25 

Pupal  stage 11 

Total 45 

On  April  21,  8  adults  which  issued  in  the  rearing  jars  between 
April  18  and  April  21  were  put  together  into  one  cage,  with  foliage  of 
Verbesina,  to  breed. 

Record  of  8  adults  of  Diabrotica  balteata  which  had  issued  in  rearing  jars  April  18  to  21, 
1909 1  and  eonfirud,  April  21,  in  oru  cage  with  foliage  of  Verhesijva,  to  breed. 


1909. 

Mated. 

Eggflde- 
posited. 

Died. 

Escaped. 

April  24.... 
April  28.... 
April  80.... 
May  14.... 
May  18.... 

Total.. 

0 
0 
2 
0 
0 

ooooo 

1 
1 

2 

1 

2 

0 

6 

1 

«  Taken  out;  see  table  JbUowing. 

None  of  the  beetles  deposited  any  eggs,  nor  were  they  observed 
mating. 
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The  record  for  the  pair  which  mated  April  30  is  as  follows: 

Record  of  egg  depontion  of  a  single  female  of  Diabrotica  balteaia, 
which  mated  April  30,  1909  a 


1909. 

Number 
of  eggs. 

Mays 

May  19 

May  21 

May  24 

Mj526 

Total 

39 
6 
23 
14 

16 

98 

«  May  31,  male  died;  June  2,  female  died. 

This  gives  a  total  of  98  eggs  from  one  female.    The  life  of  the 
male  was  43  days  and  that  of  the  female  45  days. 

The  record  for  the  39  eggs  deposited  May  8  is  as  follows: 

Detailed  record  for  the  39  eggs  of  Diabrotica  balteaia  deposited  May  8, 1909, 

May  8 39  eggs  deposited. 

May  13 39  eggs  hatched. 

May  23 First  larvae  made  cells. 

May  27 First  larvae  pupated. 

June  1 First  adults  developed. 

June  2 First  adults  issued  from  cells. 

June  4 All  adults  had  issued. 

The  stages  were: 

Days. 

Egg  Stage 5 

Larval  stage 14 

Pupal  stage 5 


Total. 


24 


The  larv8B  of  this  species  were  confined  in  large  jelly  glasses  and 
in  large  vials  and  fed  with  sections  of  sorghimi  cane.  Of  the  three 
species  reared  (Diabrotica  halteaiay  D.  vittaia,  and  D.  12'punctaia)j 
Diabrotica  balteata  was  by  far  the  most  hardy,  and  this  probably 
accounts  for  its  abundance  as  compared  with  D.  vittata  and  D. 
12'fU7ictaia. 

Records  showed  that  one  lot  matured  March  1,  a  second  April  18, 
and  a  third  June  1.  Mr.  McMillan  found  the  beetles  in  greatest 
abundance  during  November  and  December.  Judging  from  this  and 
from  the  rearing  records,  there  may  be  at  least  six  generations,  and 
probably  one  or  two  more  each  year. 

Occasional  mutilated  beetles  were  found  lying  on  cucurbit  and 
other  leaves  and  had  evidently  been  killed  by  some  predaceous 
insects.  Many  specimens  dissected  during  May  showed  no  internal 
parasites. 

The  temperatures  at  Brownsville  during  January,  February,  and 
March  ranged  from  a  minimum  of  29°  F.  to  a  maximum  of  95.1*^  F. 
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The  extreme  miniinum  of  29  degrees  occurred  only  on  one  or  two 
days  during  ''northers/'  and  excepting  those  few  days  the  mininium 
did  not  get  below  40  degrees.  During  April  and  May  the  range  was 
from  a  minimum  of  46®  F.  to  a  maximum  of  95.5*^  F.  The  average 
temperature  during  these  five  months  was  as  follows: 

Average  Umperatures  at  BrovmsvilUf  Tex.  ^  from  January  to  May^  1909. 


1909. 

Average 
mum. 

Average 
mini- 
mum. 

January 

February 

March 

Anrll 

76.3 
75.7 
81.7 
82.5 
85.0 

•F. 
66.1 
65.0 
60.0 
65.2 
70.5 

May..:::::::: 

The  following  description  of  the  earUer  stages  was  prepared  by 
Mr.  MclfiUan  &om  hvmg  xnateiial: 

DESCRIPTION. 

Egg, — Pale  yellow,  oval  and  regularly  elliptical,  very  finely  sculptured,  about  0.6 
mm.  long  by  0.33  mm.  wide. 

Newly  hatched  larva. — Pale  yellow,  head  light  brownish,  anal  segment  light  gray. 
Slender,  with  head  and  thoracic  segments  broader  than  rest  of  body,  except  anal 
segment,  which  is  covered  by  a  shield  flattened  and  rounded  at  posterior  maigin. 
Body  sparsely  covered  with  short,  colorless  hairs  which  in  length  are  about  one-half 
diameter  of  body.    Length,  2.25  mm.;  width,  0.25  mm. 

Mature  larva. — Light  yellow,  head  and  anal  plate  light  brownish.  Body  slender, 
dorsal  and  ventral  surfaces  smooth,  longitudinal  wrinkles  provided  with  scattered 
hairs  on  lateral  surfaces.  A  few  short  hairs  on  head  and  anal  segment.  Head  slightly 
longer  than  wide,  flattened.    Length,  when  extended,  12  mm.;  width,  1.25  nmi. 

Pupa. — Light  yellow,  concolorous.  Body  rather  long,  oval  in  general  outline, 
'abdomen  tapering  slightly.  A  few  scattered  hairs  on  head  and  abdomen.  A  pair  of 
stout  spines  on  dorsal  surface  of  anal  segment  and  a  pair  of  fleshy  tuberclec  on  ventral 
surface  of  same.    Length,  5  mm.;  width,  2.5  mm.    [D.  K.  McMillan]. 

EXPERIMENTS   WITH   REMEDIES. 

Arsenate  of  lead  appears  to  be  an  excellent  remedy  for  this  pest, 
as  is  shown  by  the  following  records: 

During  November,  1908,  Mr.  McMillan  sprayed  one-tenth  of  an 
acre  of  tomatoes,  which  were  being  damaged  by  this  Diabrotica,  with 
arsenate  of  lead  at  the  rate  of  6  pounds  to  100  gallons  of  water,  and 
with  pyrox,  a  commercial  brand  of  combined  arsenate  of  lead  and 
Bordeaux  mixture,  at  the  rate  of  8  pounds  to  100  gallons.  The  results 
from  both  insecticides  were  very  good,  no  differences  being  noted 
between  them. 

February  8,  1909,  a  patch,  about  one-twentieth  of  an  acre  in 
extent,  of  tender-leaved  string  beans  was  being  rapidly  defoUated 
by  this  species  at  Brownsville,  Tex.    With  the  exception  of  two 
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check  rows,  the  entire  patch  was  sprayed  by  the  writer  with  arse- 
nate of  lead  at  the  rate  of  10  pounds  to  100  gallons  of  water.  This 
rather  excessive  strength  of  arsenate  was  used  in  order  to  determine 
its  effect  on  the  foliage,  which  was  very  tender.  At  the  time  of 
spraying  the  beetles  were  in  great  abundance,  from  one  to  six  indi- 
viduals being  present  on  every  plant.  The  results  of  this  treatment 
were  checked  up  February  11.  At  that  date  the  sprayed  plants 
were  almost  entirely  free  from  beetles,  only  an  occasional  specimen 
being  seen  on  the  under  side  of  the  leaves.  The  defoliation  of  the 
plant  was  almost  completely  checked,  and  there  was  no  burning 
from  the  arsenate.  The  plants  in  the  check  rows  were  almost  com- 
pletely defoUated.  The  beetles,  however,  were  not  nearly  so  numer- 
ous as  they  were  on  February  8  when  the  other  plants  were  sprayed. 
This  decrease  in  numbers  was  probably  due  to  the  fact  that  many 
beetles  were  killed  by  eating  the  poisoned  plants  in  the  adjoining 
rows.  Unfortunately,  a  few  days  later  the  entire  patch  of  beans  was 
destroyed  by  a  "norther'*  and  no  further  observations  couldbe  made. 
On  March  20  this  species,  in  company  with  Diahrotica  vittaia,  was 
injuring  young  cucurbits  at  BrownsviDe.  Mr.  H.  H.  Jobson  had 
these  plants  sprayed  with  a  combination  of  Bordeaux  mixture  and 
arsenate  of  lead  (6  pounds  arsenate  of  lead  to  100  gallons  of  Bordeaux 
mixture)  and  later  he  reported  good  results  from  the  treatment. 

OB8BBVATION8  ON  DIABROTICA  VITTATA  Fab. 

Next  in  order  of  importance,  from  an  economic  standpoint,  is  the 
striped  cucumber  beetle  {Diabrodca  vitUUa  Fab.).  This  species  is 
usually  rare  in  southern  Texas  as  compared  with  D.  bdUeata  and  its 
injuries  are  confined  to  cucurbits. 

The  first  occurrence  of  this  species  in  southern  Texas  recorded  is 
for  January  26,  when  a^lults  were  found  in  squash  blossoms  at  Browns- 
ville. Occasional  adults  were  observed  during  February,  and  on 
March  6  complaint  was  received  from  a  grower  near  Brownsville, 
where  the  beetles  were  injuring  cucumbers  and  melons,  from  one  to 
five  beetles  being  present  on  many  plants.  At  this  date,  also,  a 
similar  report  was  received^from  Mercedes,  Tex. 

Mr.  A.  M.  White,  of  Mercedes,  later  reported  that  he  completely 
controlled  this  species,  which  was  seriously  injuring  cucurbits,  by 
spraying  three  times  with  arsenate  of  lead  at  the  rate  of  6  pounds  in 
100  gallons  of  water. 

The  beetles  were  causing  noticeable  injury  to  cucurbits  at  Browns- 
ville March  20.  The  plants  were  sprayed,  under  the  direction  of  Mr. 
H.  H.  Jobson,  with  a  combination  of  6  pounds  arsenate  of  lead  and 
100  gallons  Bordeaux  mixture  with  successful  results. 

April  13,  the  writer  found  larvae  in  numbers  infesting  squash  plants 
at  McAllen,  Tex.    Some  plants  were  wilting  and  many  of  the  roots 


Digitized  by  VjOOQ IC 


BIOLOGIC  NOTES  ON  SPECIES  OP  DIABROTICA.  83 

^were  found  to  have  been  scraped  nearly  bare,  and  in  a  few  cases  the 
larvjB  had  buried  themselves  in  the  main  root.  All  observed  were 
nearly  mature.  One  larva  made  a  cell  April  17,  pupated  April  21, 
and  the  adult  developed  April  28.  Other  beetles  developed  April  30 
and  May  1. 

During  May  beetles  were  observed,  but  no  injury  was  noticed  or 
reported. 

June  10  the  beetles  were  abundant  at  McAUen,  Tex.,  feeding  on 
the  foliage  and  rinds  of  watermelons  and  disfiguring  some  of  the 
melons.  The  foliage  in  some  places  was  badly  riddled,  but  the  crop 
was  so  far  advanced  that  this  caused  Uttle  damage.  Many  beetles 
hid  during  the  middle  of  the  day  among  cabbage  and  Amaranthus 
leaves  for  protection  from  the  sun. 

The  life  history  of  one  generation  of  this  species  was  worked  out 
as  follows: 

Record  of  a  single  female  of  Diahrotica  vittata  placed  in  confinement  April  26  ^  1909. 

April  26 Placed  in  confinement. 

May  2 42  eggs  depoeited. 

May  10 42  eggs  hatched. 

May  21 First  larvae  made  cells. 

May  24 First  larvse  pupated. 

May  29 First  adults  developed. 

May  30 First  adults  issued. 

Jime  2 All  adults  had  issued. 

The  stages  were  as  follows: 

Days. 

Egg  stage 8 

Larval  stage 14 

Pupal  stage 5 

Total 27 

The  mature  larvae  were  in  the  cells  three  days  before  pupating  and 
the  adults  remained  in  the  cells  from  one  to  four  days  before  issuing. 
The  first  pair  of  these  beetles  mated  June  4.  and  the  first  eggs,  20  in 
number,  were  deposited  June  11. 

On  May  3  another  female  deposited  58  eggs  and  the  following 
record  was  obtained: 

Dvya, 

Egg  stage 7 

Larval  stage 15 

Pupal  stage 5 

Total... 27 

During  the  first  weeks  of  May,  when  this  species  was  being  reared, 
there  was  a  period  of  excessive  humidity.  The  larvae  were  supplied 
with  sections  of  cucumber  vine  as  food.  The  humidity  caused  this 
food  to  decay  very  rapidly  and  this  necessitated  frequent  renewal, 
and  as  a  result  many  larvae  died  and  only  a  relatively  small  propor- 
tion was  carried  to  maturity.    The  temperature  during  May,  1909, 
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as  recorded  at  the  local  weather  station^  ranged  from  a  minimum  of 
60.9^  F.  to  94.4^  F. 

Observation  has  not  been  carried  far  enough  to  enable  the  Writer 
to  state  positively  the  number  of  generations  in  this  region. 

OB8BBVATION8  OK  DIABBOTICA  DUODBCDCPTTNCTATA  OUv. 

The  twelve-spotted  cucumber  beetle  (Diabroti^ca  duodecimpundata 
OUv.)  occurs  only  in  small  numbers  in  southern  Texas,  and  no  com- 
plaints of  injury  were  received  concerning  it. 

On  February  5  four  mature  larvae  were  found  feeding  on  the  roots 
of  sorghum  at  Harlingen,  Tex.  February  7  one  of  these  made  its 
cell;  on  the  15th  it  pupated,  and  on  the  25th  the  adult  developed. 
The  other  beetles  developed  a  day  or  two  later. 

On  May  12  a  female  with  greatly  distended  abdomen  was  placed  in 
confinement  and  deposited  eggs  as  follows: 

Record  of  egg  deposition  of  a  single  female  beetle  of  Diabrotica  duodedmpunctata  in  con- 
finement May  It,  1909. 


1909. 

Number 
of  eggs. 

1909. 

Number 
of  eggs. 

May  14 

68 
75 
63 
67 
56 
110 

May  29 

88 
19 
20 

Mfty  16 

Junel 

Mftv  19 

June  « 

May  24 

June  8 

May  26 

Total 

May  27;!*.!!!!;.".! 

615 

a  Beetle  died. 

This  gives  a  grand  total  of  515  eggs  from  one  beetle. 

The  record  for  the  eggs  which  were  deposited  May  14  is  as  follows: 

Detailed  record  for  the  68  eggs  of  Diabrotica  dvodecimpuncta '  1  deposited  May  14, 1900, 

May  14 68  eggs  deposited. 

May  20 68  eggs  hatched. 

May  31 First  larvae  made  cells. 

June  4 First  larvse  pupated. 

June  10 First  adults  developed. 

June  12 First  adults  issued  from  cells. 

June  14 All  adults  had  issued. 

The  stages  were  as  follows: 

Dajrs. 

Egg  Stage 6 

Larval  stage 15 

Pupal  stage 6 

Total 27 

This  species  proved  very  hard  to  rear  and  only  a  small  proportion 
of  the  larvae  reached  the  pupal  stage.  The  larvae  were  placed  in  large 
jelly  glasses  and  fed  on  sorghum  cane. 

O 
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NOTES  ON  VARIOUS  TRUCK^ROP  INSECTS. 

By  F.  H.  Chittbnden,  Sc.  D. 
In  Charge  of  Truck  Crop  and  Stored  Product  Insect  InveittgaHom. 

ON  THE  KATUBAL  BNBMIES  OF  THE  OOLOBABO  POTATO  BBSTLB, 
SOME   INSECT  ENEMIES   OF  THE   POTATO   BEETLE. 

Few,  if  any,  noxious  insects  have  so  many  recorded  natural  enemies 
as  the  Colorado  potato  beetle  (Leptinotarsa  decemlineata  Say).  A 
list  of  these  has  been  recently  compiled  by  the  writer.**  A  few  species 
not  previously  recorded  have  since  been  reported  by  special  corre- 
spondents and  agents  of  this  office,  and  these  will  be  mentioned  here. 

Ptebostichus  luoublandus  Sat. 

July  3,  1908,  Mr.  J.  Byron  Roney,  Plainville,  Mass.,  sent  specimens 
of  the  ground  beetle  Pterosiichus  liLcublandus  Say  and  reported  that 
it  was  found  on  that  date  busily  engaged  in  devouring  the  grubs  of 
the  Colorado  potato  beetle.  Although  this  is  an  extremely  common 
insect,  one  of  the  best  known  of  the  Carabidae,  it  has  not  hereto- 
fore, to  the  writer's  knowledge,  been  recorded  as  an  enemy  of  the 
potato  beetle. 

Apateticus  (Podisus)  maroiniventris  Sat. 

Apateticus  {Podisus)  Tnarginiveniris  Say,  which  closely  resembles 
the  spined  soldier-bug  (P.  m(umliv€ntns  Say),  a  well-known  enemy 
of  the  Colorado  potato  beetle  and  other  injurious  insects,  was  ob- 
served attacking  the  larvae  of  this  potato  beetle  by  Mr.  H.  O.  Marsh, 
Chester,  N.  J.,  in  August,  1908. 

Pbiulloides  (Perillus)  bioculatus  Fab. 

PeriUoides  (Perillus)  Hocidatus  Fab.,  a  pentatomid  bug,  as  is  the 
preceding  species,  was  reported  by  Mr.  D.  H.  Shannon,  Appleton, 
Wis.,  as  having  been  noted  killing  the  Colorado  potato  beetle  in 
August,  1908.  Two  bugs  were  noticed  attacking  a  mature  beetle. 
They  held  it  by  the  head  and  refused  to  relinquish  their  prey  when 
the  beetle  was  pulled  off  from  the  potato  stalk  on  which  it  was  feeding. 

«CJr.  87,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  pp.  10-12,  June  3, 1907. 
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EUTHYKHYNCHUS  FLOBIDANUS   L. 

July  7,  1909,  Mr.  Fred.  A.  Eigenman,  Abbeville,  S.  C,  sent  speci- 
mens of  Euthyrhynchus  jloridaniis  L.,  which  he  had  found  that  morn- 
ing on  eggplant.  When  discovered  the  insect  was  attacking  the 
larva  of  the  Colorado  potato  beetle.  As  this  was  a  new  observation 
to  Mr.  Eigenman,  he  promptly  apprised  this  office  of  the  fact.  This 
species  is  not  uncommon  in  the  Southern  States,  and  specimens 
have  been  frequently  received  for  determination,  with  notes  on 
habits,  from  South  Carolina,  Florida,  and  Georgia. 

It  is  highly  probable  that  the  species  is  beneficial,  although  there  is 
a  possibihty  that  it  may  feed  also  on  plant  juices  exceptionally, 
as  is  known  to  be  the  case  with  some  related  forms. 

In  looking  over  the  files  of  the  Bureau  it  is  found  that  this  species 

was  reported  from  Lanford,  Laurens 
County,  S.  C,  June  24,  1887,  by  Mr. 
Y.  N.  Lanford,  who  stated  that  he 
found  the  insect  to  be  a  bee  destroyer. 
While  sweeping  off  webs  and  other 
refuse  from  a  bee  bench  and  "gums" 
(colloquial  for  box  hives),  he  noticed 
one  of  these  bugs  with  its  beak  in- 
serted into  the  abdomen  of  a  honey 
bee,  just  above  the  sting.  He  did 
not  know,  however,  to  what  extent 
the  insect  attacks  the  bees.^  During 
1901  Mr.  H.  Walter  McWiUiams, 
Griffin,  Ga.,  sent  specimens  with  a 
letter  dated  October  28,  stating  that 
the  species  occurred  in  some  numbers 
on  catnip. 

During  1907-8  Mr.  H.  M.  Russell 
observed  this  bug  attacking  the  green 
plant-bug  (Nezara  hUaris  Say)  on 
eggplant  at  Dade  City,  Fla.,  and  the  black  walnut  caterpillar  (Datana 
integerrima  G.  and  R.)  on  pecan  at  Orlando,  Fla. 

This  species  is  a  tropical  form  and  is  recorded  as  occurring  also  at 
New  Orleans,  La.,  in  Mexico,  and  Central  America  generally,  as  well 
as  in  Venezuela,  Colombia,  and  Brazil.  A  full  bibUography  was  fur- 
nished in  1880  by  W.  L.  Distant.**  It  has  many  synonyms,  which  is 
to  be  accounted  for  by  its  wide  distribution  and  variability.  The 
mature  bug  measures  between  one-half  and  three-fourths  of  an  inch 
in  length.  The  usual  color  is  green  above,  spotted  with  red,  the 
spots  being  arranged  more  or  less  as  shown  in  the  accompanying 
illustration  (fig.  24).     Individuals  occur  also  without  red  markings, 

o  Mention  of  this  bug  attacking  the  honey  bee  is  given  in  Insect  Life,  Vol.  I,  p.  88, 
Sept.,  1888. 
6  BiologiaCentrali-Americana,  Hemiptera-Heteroptera,  Vol.  I,  pp.  41-42,  Oct.,  1880. 


Fio.  2A.—EtUhyThynchU8  floridanus,  an  enemy 
of  the  Colorado  potato  beetle.  Enlarged. 
(Original.) 
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some  bear  a  single  spot  at  the  apex  of  the  scutellum;  while  a  common 
form  has  one  apical  and  two  basal  scutellar  red  spots.  A  large  por- 
tion of  the  lower  surface  is  reddish  yellow.  The  rostrum  or  beak  is 
about  half  the  length  of  the  entire  body. 

Mr.  Thomas  Belt,  in  his  publication"  referring  to  this  bug  as  Pen- 
tatoma  punicea,  states  that  on  two  occasions  he  foimd  it  sucking  the 
juices  from  dead  individuals  of  a  "bright  green  rose  chafer."  Since 
the  beetle  was  twice  the  size  and  weight  of  the  bug,  very  active  and 
taking  wing  quickly,  he  concluded,  quite  correctly,  that  "the  only 
way  in  which  the  latter  could  have  been  overcome  was  by  the  bug 
creeping  up  and  quietly  introducing  the  point  of  its  sharp  proboscis 
between  the  rings  of  its  body  when  the  beetle  was  sleeping,  and 
injecting  some  stupefying  poison."  In  both  instances  the  bug  was 
on  a  leaf  of  a  shrub  with  the  bulky  beetle  hanging  over  suspended  on 
the  bug's  proboscis. 

SOME   WILD   HERD   ENEMIES   OF   THE    POTATO   BEETLE. 

As  the  list  of  wild  birds  known  to  feed  on  the  Colorado  potato 
beetle  furnished  in  Circular  No.  87  is  not  quite  complete,  the  fol- 
lowing note  from  a  list  compiled  by  Mr.  W.  L.  McAtee^  and  published 
in  1908,  is  of  interest. 

Speaking  of  the  food  habits  of  the  grosbeaks,  Mr.  McAtee  says:* 
"It  should  be  noted  also  that  several  other  birds,  including  the  bob- 
white,  prairie  chicken,  sharp-tailed  and  ruffed  grouse,  red-tailed 
hawk,  nighthawk,  cuckoo,  crow,  English  sparrow,  cardinal,  scarlet 
tanager,  wood,  hermit,  and  olive-backed  thrushes,  and  robin,  eat 
potato  beetles  occasionally." 

June  20,  1910,  Mr.  B.  A.  Reynolds,  of  this  Bureau,  noticed  a  bird, 
which  he  identifies  as  the  chipping  sparrow,  apparently  capturing 
larvae  of  the  Colorado  potato  beetle  on  potato  plants  in  his  garden 
at  East  Riverdale,  Md.  When  observed  it  was  flitting  or  hopping 
along  the  ground,  attacking  the  ''slugs'^  from  the  stalk  of  the  potato 
plants,  taking  as  many  as  four  or  five  from  one  plant  and  then  pro- 
ceeding to  the  next  in  the  row.  Later  the  bird  crossed  at  different 
times  to  other  parallel  rows,  repeating  the  operation.  No  other 
bird  common  in  this  vicinity  is  known  to  have  this  habit  of  running 
from  row  to  row  in  garden  patches  as  described,  and  although  this 
bird  is  becoming  common,  as  it  was  at  the  time  of  the  introduction 
of  the  English  sparrow,  it  has  not  been  reported,  to  the  writer's 
knowledge,  as  attacking  the  Colorado  potato  beetle  in  any  form.^ 

a  The  Naturalist  in  Nicaragua,  ed.  2,  rev.,  1888,  p.  127. 

b  Bui.  32,  Bur.  Biol.  Surv.,  U.  S.  Dept.  of  Agr.,  p.  47,  1908. 

cHi.  ReynoldB  also  repinted  that  Mr.  B.  0.  Wheeler  of  the  same  place  had  a  white 
rock  pullet,  an  incubator  chick,  which  developed  the  habit  of  feeding  on  this 
''slug.*' 
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GUINEA  FOWLS  AS  DESTROTERS  OF  THE  POTATO  BEETLE. 

The  efficiency  of  the  guinea  fowl  in  destroying  the  Colorado  potato 
beetle  does  not  appear  to  have  received  much  mention  in  available 
literature.  Two  special  correspondents  of  this  oflSce  have  written 
the  writer  on  this  topic,  one  of  them  recently,  and  their  experience 
is  well  worth  publishing. 

June  1,  1907,  Mr.  F.  W.  Speegle,  Bremen,  CuUmui  County,  Ala., 
wrote  that  about  25  years  ago  the  potato  ''bugs''  made  their  appear- 
ance in  his  county  and  increased  until  they  were  so  numerous 
that  it  was  a  hard  fight  to  raise  potatoes  at  all.  Having  learned 
that  the  guinea  fowl  would  eat  the  beetles,  he  at  once  began  to 
raise  the  fowls.  In  the  spring  of  1905,  when  the  beetles  appeared, 
the  guineas  were  induced  to  enter  the  potato  patch  by  strewing 
com  about  the  vines.  After  eating  the  com  the  fowls  consumed 
the  beetles,  apparently  with  great  relish,  and  less  than  a  week  later 
not  a  ''bug"  could  be  found  on  the  potato  tops.  A  good  crop  was 
made,  which  was  also  clean  of  scab.  He  had  the  same  experience  in 
1906,  and  since  then  had  not  seen  a  potato  beetle  in  his  potato  fields 
and  only  a  few  on  his  entire  farm.  A  few  occurred  out  of  the  range 
of  his  guineas  on  what  he  terms  "tread-soft''  (probably  a  Solanum), 
which  seems  to  be  the  principal  diet  of  the  bugs,  excepting  the 
potato.  His  neighbors  who  had  no  guinea  fowls  had  as  much  trouble 
with  the  potato  beetles  as  he  did  before  he  obtained  the  guineas. 

Writing  on  the  same  topic  Dr.  George  Vanden,  Gallipolis,  Ohio, 
stated  in  a  letter  received  May  1,  1909,  that  many  years  ago  when 
the  Colorado  potato  beetle  was  very  bad  and  when  he  and  his  neigh- 
bors had  potatoes  in  adjoining  patches,  the  neighbors  "bugged" 
faithfully,  but  the  bugs  "multiplied  and  repl^iished,"  and  the  patch 
was  very  ragged,  while  his  own  vines  were  fine  Mid  flourishing, 
althou^  no  remedies  had  been  applied.  He  soon  found  that  the  good 
condition  of  his  own  vines  was  due  to  his  flock  of  between  20  and  30 
full-grown  guinea  fowb  that  patrolled  the  patch  and  converted  the 
"bugs"  from  a  nuisance  into  "good  guinea  feed."  He  expressed 
himsdf  as  believing  that  this  combination  of  raising  potatoes  and 
guinea  fowls  would  not  only  be  feasible,  but  to  the  mutual  advantage 
of  the  potatoes  and  the  guineas;  at  least  it  worked  satisfactorily  in 
his  case. 

It  is  to  be  hoped  that  correspondents  who  are  troubled  with  potato 
beetles  will  make  tests  of  the  efficiency  of  the  guinea  fowl  as  a  destroyer 
of  this  and  other  garden  pests. 

NOTES  OK  THE  POTATO  STALE  WEEVIL. 

Since  the  publication  of  a  comprehensive  article  on  the  potato 
stalk  weevil  (Trichobaris  trinotata  Say)  in  1902  •  a  few  data  have 

oBul.  33,  Bur.  Ent.  U.  S.  Dept.  Agr.,  pp.  9-18,  1902. 
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accumulated  in  regard  to  the  habits  of  this  insect  which  are  worthy 
of  record. 

During  1907  Mr.  F.  D.  Hopkins,  while  engaged  in  the  Bureau  of 
Plant  Industry,  collected  some  infested  stems  of  cultivated  Physalis 
of  an  unknown  species,  supposed  to  be  a  hybrid,  grown  at  the  Arling- 
ton Experimental  Farm,  at  Rosslyn,  Va.  The  stems  submitted  to  the 
writer,  October  30,  contained  at  that  late  date  one  larva  and  three 
pupse.  Mr.  Hopkins  had  noticed  for  some  time  a  peculiar  injury — 
the  breaking  of  many  stalks  fully  three-fourths  of  an  inch  thick — and 
attributed  it,  with  good  reason,  to  the  inroads  of  the  larva  of  this 
weevil.  The  complete  rupture  of  the  stalks  was  brought  about  by 
severe  winds  which  were  encountered  on  three  different  days  in  October. 
This  is  apparently  the  first  record  of  injury  by  this  species  in  the 
vicinity  of  the  District  of  Columbia.  It  also  shows  that  the  insect  can 
be  much  later  in  maturing  than  is  generally  supposed,  the  larv8B  and 
pupse  being  found  much  later  than  is  usual.  The  first  adult  from  this 
lot  did  not  develop  until  November  25.  The  pupae  obtained  wintered 
over  as  such  but  died  during  a  very  severe  and  unseasonable  hot  spell, 
when  the  insectary  was  not  properly  screened,  in  the  latter  days  of 
March.  Normally,  they  would  not  have  developed  for  a  month  or 
two  later.  It  has  been  quite  generally  stated  by  all  writers  on  this 
species,  as  has  been  said  in  the  article  quoted,  that  all  beetles  mature 
by  September  and  that  hibernation  is  therefore  always  as  a  beetle,  the 
knowledge  of  this  fact  being  of  great  value  in  the  control  of  the 
species. 

During  July,  1908,  Hon.  John  H.  Rothermel  wrote  of  injury  by 
this  species  in  the  vicinity  of  Reading,  Pa.,  stating  that  it  was  eating 
into  potato  stalks  and  killing  them.  The  same  month  Mr.  Walter  W. 
Jacobs  complained  that  the  potato  crop  in  Delaware  County,  Pa., 
was  infested  with  this  species,  which  he  accurately  described  working 
in  the  center  of  the  stalk,  eating  its  way  from  the  roots  upward. 

In  an  earlier  year  Mr.  F.  C.  Pratt  observed  this  species  attacking 
eggplant  at  Four-Mile  Run,  Virginia,  about  30  per  cent  of  a  field 
being  found  injured  by  July  29.     His  notes  are  as  follows: 

The  larva  was  found  in  one  plant  examined  and  plants  averaging  2  feet  high  were 
affected,  some  bearing  fruit.  After  they  were  attacked  the  plants  withered  away  and 
died.  The  owner  of  the  truck  farm  stated  that  for  three  years  his  eggplant  had  died 
in  die  same  manner  and  he  had  attributed  the  loss  to  the  soil,  the  plants  being  grown 
«t  tlimt  time  on  low  ground  thou^t  to  be '  *sour."  Each  year  he  changed  the  location, 
but  tke  same  conditionB  had  prerailed. 

A  cocoon  of  a  parasite  was  observed  at  that  time  in  the  burrows 
of  the  insect  in  ^gplant  and  later  the  chalcidid  parasite  Eurytoma 
tylodemuUis  Ashm.  was  reared  from  stems  of  Solanum  carolinense 
infested  by  this  species  and  collected  by  the  writer  in  the  District 
of  Columbia. 
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MAOOOTS  AVnCUMO  TAXB  IB  THE  KKFTH. 

CompanitiTelj  little  attentioD  hms  been  paid  to  the  insect  enemies 
of  sweet  potato  and  yams  in  America.  An  exception  is  the  sweet- 
potato  borer  or  weevil  (CyUu  formioariHS  Fab.)  which  has  been  ably 
treated  by  Mr.  A.  F.  Conradi  in  a  recent  publication  *  of  the  Texas 
Agricultural  Ebcperiment  Station*  Short  accounts  of  other  species, 
including  the  tortoise  beetles,  have  been  prepared  by  Riley,  Sander- 
son, and  others.  Hie  species  which  will  be  mentioned  in  the  present 
article  are  a(^>arently  new  as  sweet  potato  pests. 

March  11,  1908,  Mr.  P.  J.  Wester  sent  from  Nassau,  British  West 
Indies,  a  yam,  Diascorea  aUsia^  badly  affected  with  maggots.  When 
received,  owing  to  the  long  journey,  leading  to  the  destruction  of 
many  specimens,  comparatively  few  larvae  remained.  An  examina- 
tion showed  that  these  were  of  three  species,  all  pale  yellow  at  the 
time  of  receipt.  Some  pupse  were  idso  present,  llie  specimens 
reared  were  identified  by  Mr.  D.  W.  CoquiUett  and  are  as  follows: 

Lonchsea  longiccrnig  Will. — ^The  flies  of  this  species  issued  from 
March  13  to  April  10.  This  is  an  ortalid  and  bears  some  resemblance 
to  the  better  known  L.  polita  Say.  Hie  head  is  dark  brown,  the 
thorax  dark  blue,  and  the  wings  are  only  slightly  iridescent.  In 
polita  the  head  is  a  lighter  brown,  the  thorax  more  distinctly  blue, 
and  the  wings  more  strongly  iridescent. 

Euxesta  nitidiventria  Loew. — ^The  adults  issued  from  March  31  to 
April  3.  This  species  is  of  about  the  same  size  as  the  preceding  and 
resembles  our  conmioner  E.  notata  Wied.  Superficially  it  differs  by 
being  duller  colored,  the  thorax  being  feebly  metallic  blue  and  the 
wings  not  so  strongly  marked  with  black  on  the  margin.  This 
species  has  been  reared  from  the  ears  of  sweet  com  at  Brownsville, 
Tex.,  by  Messrs.  D.  K.  McMillan  and  H.  O.  Marsh  in  December,  1908, 
and  in  January,  1909.  The  pupae  were  noticed  in  abundance  in 
husks  and  silk.  In  one  case  the  larvse  and  pupee  were  taken  in 
moderate  numbers  in  decaying  immature  com  ears  which  had  been 
injiu*ed  by  the  well-known  boUworm  or  com  ear-worm. 

Euxesta  (homs^  Loew. — ^The  adult  of  this  species  issued  April  2. 
It  is  of  about  the  same  size  or  a  little  larger  than  the  preceding,  but 
marked  much  like  Chseiopsis  senea  Wied.  This  species  was  also 
reared  from  the  ears  of  injiu*ed  com  collected  by  Messrs.  McMillan 
and  Marsh  at  Brownsville,  Tex.,  December  29,  1908,  adults  issuing 
en  route  January  4  and  later.  Puparia  were  foimd  in  abundance  in 
the  husks  and  silk.     It  was  associated  with  the  smaller  Ch.  senea. 

From  what  we  know  of  related  species  the  probabilities  are  that 
these  three  flies  live  in  their  larval  or  maggot  stage  chiefly  on  decom- 
posing vegetation  but  they  are  all  three  capable  of  injuring  growing 

a  Bui.  93,  Texas  Agr.  Exp.  Sta.,  pp.  1-16,  1907. 
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plants.     In  the  case  above  cited  they  were  quite  obviously  injurious 
to  the  yam  tuber,  but  the  extent  of  the  injury  was  not  reported. 

Of  the  three  species  above  mentioned  E.  nitidiventria  occurs  in 
Texas  and  Florida;  the  other  two  are  apparently  not  recorded  from 
the  United  Stat^. 

NOTES  OK  THE  FEEDING  HABITS  OF  BUSTEB  BEETLES. 

Entomologists  have  had  occasion  to  notice,  in  the  case  of  certain 
forms  of  insects,  and  more  especially  of  gregarious  caterpillars,  that 
when  once  a  colony  begins  feeding  on  a  certain  form  of  plant  or  other 
food,  a  special  taste  or  fondness  is  developed  by  that  colony  and  the 
insects  continue  on  the  same  material,  in  the  case  of  caterpillars,  at 
least  until  about  the  last  stage  is  reached.  The  same  is  observable 
in  the  case  of  leafhoppers,  which  frequently  leave  the  plant  on  which 
they  have  fed  during  their  first  stages  of  growth  and  fly  to  another 
plant  in  the  later  stages.  This  habit  is  strongly  developed  in  insects 
which  are  omnivorous  as  well  as  gregarious,  e.  g.,  in  blister  beetles. 

The  margined  blister  beetle  (Epicauta  marginata  Fab.)  has  been 
repeatedly  observed  by  the  writer  feeding  on  beets,  literally  in 
"flocks."  The  beetles  begin  at  some  point  on  a  row  or  two  and 
continue  along  those  rows  unless  interrupted.  When  they  are  more 
abundant  several  colonies  will  frequently  strip  many  rows  until 
entire  plantings  are  destroyed.  Not  until  this  is  accomplished  do 
they  turn  to  some  other  food  plant.  Beet  appears  to  be  a  preferred 
food  plant  of  this  species  when  it  is  available.  On  one  occasion  the 
writer  observed  this  species  attacking  a  row  of  cabbages  contiguous 
to  a  row  of  beets.  The  beetles  continued  along  this  row,  evidently 
"  following  the  leader"  like  sheep.  It  is  the  same  with  weeds  when 
these  are  attacked.  On  another  occasion  the  beetles  of  this  species 
were  observed  feeding  on  lamb's-quarters — not  a  favorite  food — and 
the  flock  continued  on  this  plant  until  it  left  the  neighborhood. 

The  striped  blister  beetle  (Epicauta  vittaia  Fab.)  was  seen  in  the 
same  manner  eating  the  rough  pigweed  {Amarariihus  retrqflexus)  ^ 
which  the  beetles  almost  completely  defoliated,  leaving  nothing  but 
the  bare  stems,  and  scarcely  touching  other  plants  occurring  in  their 
line  of  march. 

On  such  occasions  the  result  is  very  much  the  same  as  though  an 
"army"  of  army  worms  had  devastated  the  tract  attacked.  The 
army  worm  supposedly  assimilates  a  large  portion  of  the  actual  food 
material  which  it  consumes  and  which  it  requires  for  completing  its 
growth.  The  blister  beetles  are  already  mature  and  judging  from 
the  large  amount  of  excrement  which  they  leave  in  their  wake,  con- 
sume many  times  as  much  as  they  actually  require  for  sustenance. 

While  it  was  the  purpose  of  this  note  merely  to  mention  the  some- 
what peculiar  habits  of  our  eastern  blister  beetles,  occasion  is  taken 
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to  add  some  additi<mal  observations.  During  a  trip  at  Norfolk, 
Va.,  in  September,  1910,  the  writer's  attention  was  directed  to  consid- 
erable injury  to  garden  beets  and  chards.  A  majority  of  the  insects 
had  disappeared  after  largely  defoliating  the  plants,  but  enough 
remained  for  an  experiment  to  determine  the  direction  which  would 
be  taken  by  the  blister  beetles  when  disturbed,  as  this  has  a  practical 
bearing  on  the  driving  system  practiced  so  successfully  in  the  Middle 
West.  The  mai^ined  blister  beetle  and  the  black  blister  beetle 
(E.  pennsylvanica  DeG.)  were  present.  As  many  as  possible  of  the 
beetles  were  dislodged  from  the  plants,  and  they  were  not  dislodged 
at  this,  time  with  ease,  and  all  thus  disturbed,  with  the  exception 
of  one  which  "played  possum/'  walked  away  with  the  wind,  as  was 
expected. 

Great  numbers  of  the  black  blister  beetle,  and  small  numbers  of 
the  sweet-potato  blister  beetle  {E.  irichrus  Pall.),  were  observed  on 
asters  and  related  plants  at  Norfolk.  From  these  high  plants  it  was 
found  an  easy  matter  to  dislodge  the  insects,  by  means  of  pine  switches, 
into  a  milk  pail  contaming  about  half  an  inch  of  water  and  a  few 
drops  of  kerosene.  With  a  large  milk  pail  and  several  operators, 
including  children,  who*  readily  take  to  such  work,  a  considerable 
territory  could  be  covered  in  a  very  short  time  and  the  blister  beetles 
destroyed  before  they  have  time  to  injure  the  flowers. 

NOTES  ON  BBAN  AND  PBA  WEEVILS. 

The  family  name  Lariidse  has  been  adopted  by  European  system- 
atists  for  tiie  Bruchidse,  having  been  proposed  originally  by  J. 
Schilsky  in  1905.  The  genus  Bruchus  of  LinnsBus,  as  considered  by 
American  coleopterists,  is  therefore  subdivided  into  other  genera. 
The  following  notes,  including  the  European  nomenclature,  are 
made  for  the  benefit  of  economic  workers: 

Iiaria  niffmima  Boh.— The  broad-bean  weevil. 

Bruchui  rufimanut  Bob.,  Schoenberr,  Vol.  I,  p.  £8, 1833. 

This  species,  called  also  the  European  bean  weevil,  has  recently  been  introduced 
at  San  Luis  Obispo,  Cal.,  from  which  locality  the  writer  received,  through  the  kind- 
ness of  Mr.  I.J.  Condit,  collaborator,  of  this  Bureau,  specimens  reared  from  the  seeds 
of  broad  bean  grown  there. 

Xaria  pisorum  L.— The  pea  weevil. 

Bruehut  pi$orun  L.,  Syst.  Nat.,  10th  Ed.,  p.  3M,  17S8. 
B.  pM  L.,  Syst  Nat,  12th  Ed.,  p.  004, 1707. 

Laiia  lentis  Froelich.— The  lentil  weevil. 

Bruekui  lenHa  FroeL,  Der  Natorforoher,  pp.  57,  58, 1709. 

The  lentil  weevil  appears  to  be  restricted  to  the  lentil  for  food.  It  is  well  distributed 
in  Europe  and  is  often  brought  to  this  country,  usually  dead  or  dying,  but  has  not 
been  introduced  here  to  the  writer's  knowledge. 
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Bmehidiiui  trifolii  Motsch. 

Bruekut  trVolU  Motach.,  BaL  8oc  Nat  Mooooa,  p.  236, 187S. 

A  very  small  species  frequently  received  in  this  country  from  E^ypt  in  seeds  of  Tri- 
folium  aUxandrinumy  not  known  to  be  establiriied  in  America,  but  a  dangerous  species 
if  introduced  with  its  food  plant. 

AcaathoBoelides  obtectus  Say. — ^The  common  bean  weevil. 
Bntehut  obUetui  Say,  Descr.  N.  A.  CnrcoL,  p.  1, 1831. 
Bruehut  Irreteetua  Fabr.,  Scboenbflrr,  VoL  V,  1838. 

Paohyzneros  chinenais  L.— The  cowpea  weevil. 
BrMdm$  ekhunali  L.,  SyBt  Nat.,  10th  Ed.,  p.  386, 1768. 
B,  saUfUarU  Fab.,  Ent.  Syst,  VoL  I,  2,  p.  372, 1792. 

Pachymeros  quadxiznaoulatus  Fab. — The  four-spotted  bean  weevil. 
Bruehut  quadrimaeuUaut  Fab.,  Ent.  Syst,  VoL  1, 2,  p.  371, 1792. 

o 
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AcanthoBceUdu  obtectus,  the  common  bean  weevil,  synonymy 93 

Acidiajratria 9-13 

biologic  notes 11-12 

control  methods 12-13 

description * ♦. .  9-11 

technical,  by  Osten-Sacken 11 

distribution 11 

early  history 9 

fly,  description 9-10 

in  District  of  Columbia 9 

larva  or  maggot,  description 10 

puparium)  description 10-11 

( Trypeta)  heradei,  possible  identity  with  Acidiajratria 9-11 

Alfalfa,  food  plant  of  DiabroHoa  halteata 77, 78 

Diacrina  virginica -62 

''Alkali  bugs."    (See  Monoxia  sp.) 

Alsine  (Stellaria)  media,  food  plant  of  Ditonycha  mellicoUii 30 

xanihoTMUena 30 

Amaranthus  berlandieriy  food  plant  of  Diaonycha  mellieollis 31 

food  plant  of  Conotrachelua  elegam 18 

Diacrina  virginica 63 

retrojlextis,  food  plant  ot  DtabroHca  baUeata 77 

Disonycha  abbreviata 31-32 

fruUiooUis 31 

Epicauta  vittata 91 

Psylliodes  ptmctuiata 41 

8pino9iUy  food  plant  of  Diabrotica  balteata 77 

DxKmycha  abbreviata 31-32 

mellicollie 31, 32 

Ambrosia,  food  plant  of  Diacrisia  virginica 63 

Anax  longipes,  enemy  of  Papilio  polyxenes 23 

Apanteles  lunatue,  parasite  of  Papilio  polyxenes 23 

Apateticus  (Podisus)  marginatuSy  enemy  o!  Colorado  potato  beetle 85 

Apricots,  reported  injury  by  Diabrotica  trivittata 75 

Arrow-head.    (See  Sagiitaria  spp.) 

common.    (See  Sagiitaria  variabilis.) 

Arsenate  of  lead  against  celery  caterpillar 23 

Colorado  potato  beetle 5, 6 

Diabrotica  baUeata 81-82 

vittata 82 

hop  flea-beetle : ; 57 

yellow  bear  caterpillar 63, 65-66 

necked  flea-beetle 32 

and  Bordeaux  mixture  against  Colorado  potato  beetle 4-5, 6, 7, 8 

cost  per 

acre. .  7 

Diabrotica  baUeata 81-82 

vittata 82 

59482*»— BuU.  82—12 2  95 
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Pt«e. 

Anei  ic,  white,  sal  soda,  and  lime  against  Colorado  potato  beetle 4, 6 

Arsenite  of  copper  against  Colorado  potato  beetle 6 

and  lime  against  Colorado  potato  beetle 6 

Asparagus,  food  plant  ot  Diabrotica  balteata 77 

Diacrisia  virginica 62 

Asters,  food  plants  of  Epicauta  marginata 92 

triehruB 92 

Bacterial  diseases  of  Ptylliodea  punctidata 48 

Banding  with  tanglefoot  against  hop  flea-beetle 50-52 

Bean  and  pea  weevils,  nomenclature ., 92-93 

leaf-beetle.    (See  Cerotoma  trtfwrcata.) 

Beans,  food  plants  of  DiabroUca  haiieata 69, 70 

9oror 71,72 

triviUata 75 

English  broad,  food  plant  of  Dtofrrottoa  balteaia 77, 78 

horse,  food  plant  of  DiabroUoa  balteaia 70 

pidicomia. 68 

Lima,  food  plant  of  DiabroUoa  baUsata 77, 78 

Diaaiiia  virginica 62 

EtUUa  zinckenella 26-28 

Soy,  food  plant  of  Dia^ro^ioa  6a2(6ato 77 

string,  food  QJiant  of  Diabrotioa  balteaia 77, 78 

Diaeriiia  virginica 62 

Bees,  honey,  prey  of  Euthyrhgndiui  floridanus 86 

Beets,  food  plant  of  DiabroUca  balteaia 77 

picticomis 68 

9oror 71, 72 

DisonychameUioolliM 29,31 

Epicauta  marginata 91 

penntglvanica  and  margined  blister  beetle 92 

stock,  food  plant  of  Diaaritia  virginica 62 

sugar,  food  plant  of  Diabroiiea  irivittata, 75 

Diaaritia  virginica 59, 60-62 

PtylHoike  punettdata 33 

loss  of  sugar  content  from  attacks  by  Diacrisia  virginica 59-^ 

table,  food  plant  of  DiacnMia  virginica 62 

Bill-bugs.    (See  SpJienophaniM  spp.) 
Birds,  enemies  of  Ptylliodes  puncttUata. . 

wild,  enemies  of  Leptinotar$a  decemUneaia , 

Bisulphid  of  carbon  against  parsley  stalk  weevil 19 

Blackberry,  food  plant  of  DiacnMia  virginica 63 

Black-knot.    (See  Plowrightia  morbota,) 

Blackleaf  tobacco  extract  against  hop  flea-beetle 56-^7 

BlapstinuB,  injury  to  peanuts 72 

Bii^t,  early,  as  affecting  potato  plants  in  Virginia 1 

Blister  beetle,  black.    (See  Epicauta  penntylivanica.) 
margined  (see  also  Epicauta  jnarginata), 

injury  to  chards  and  garden  beets.. 92 

striped.    (See  Epicauta  vittata.) 
sweet  potato.    (See  Epicauta  trichrua.) 

beetles,  feeding  habits,  notes 91-92 

Bob-white,  «iemy  of  Colorado  potato  beetle 87 

Bollworm,  injury  to  com 90 
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Bordeaux  m'xtiure  agunst  hop  flea-beetle 6d**64 

and  anenate  of  lead  against  Coloiado  potato  beetk 4-^,  ^  7, 8 

coet  per 

•cw. .  7 

Diabrotka  baUeata 81-82 

viUaia 82 

Pkiris  green  against  Colorado  potato  beetle 5, 6, 7»  8 

coet  per  acre.  7 

tobacco  extract  againat  hop  flea-beetle 54 

Botrytis  basiianay  fungous  disease  of  Diaaritia  virginica 61 

Bfxusica  nigra,    (See  Mustard.) 

Bruchidae  of  economic  importance,  nomenclature 98*6S 

Bruekidiiu  tri/olH  in  seeds  of  Trtfolium  alexandrinum,  economic  importance, 

synonymy 93 

Bruchut  dkinenm  « Padiifmenu  d*inen$is 98 

irresectui'^Aoanthoacelides  obtechis 93 

UntiB'^Laria  Imtit 92 

obtectui^Acanthoicelides  obtectus 93 

pin^Laria  pisorum 92 

piiorum^Laria  piiofwn 92 

qiuuInm€Kulatut^Pachy7neru8  qyadrimaculaUu 93 

rufimanus'BiLaria  n^mana 92 

icuidUxrU^Pfuhymerut  ckinensis 9^ 

trtfolii^BruMdius  trtfolii ^ 93 

Burning  weeds,  grass,  etc.,  in  control  of  ^'alkali  bu^s"  (Monoxia  sp.) 66 

yelkfw4>ear  caterpillar 66 

Oabbage,  food  plant  of  Diabrotica  balteata 70 

BOTor.. 72 

DiaarUia  virgxnica 62 

Epicauta  marginata 91 

Listronotus  appendiculatus 14 

Notaris  (Erycua)  puncticoUis 14 

Cajantu  indicus,  food  plant  of  Diabrotica  balteata 77 

Ouina,  food  plant  of  Diomm  w'^rmico 62 

Cantaloupe,  food  plant  of  Diabrotica  balteata 77 

Diaaina  virgmioa 62 

Cpp.  ^nal,  enemy  of  Colorado  potato  beetle 87 

0\. .   d  enemy  of  Ptylliodes  purtctulata 48 

Canjway,  food  plant  of  Papilio  polyxenee 23 

Carroi,  food  plant  of  DiacrUia  virginica 62 

Papilio  polyxene9 20, 23 

wild,  food  plant  of  Papilio  polyxenea 20 

Catnip,  EiUkgrkynckutJhridaniu  thereon 86 

Cauliflower,  food  plant  of  Diaerisia  virginica 62 

Celatoria  crawii^Celatoria  diabroticx 75 

diabroticx,  Celatoria  crawvi  a  sjrnonym 75 

parasite  of  Diabrotica  soror 72, 75 

Celery  caterpillar.    (See  Papilio  polyxenea.) 

food  plant  of  Diacriiia  virginica 62 

Papilio  poiyxenea 20-24 

leaf-miner.    (See  Acidia  [  Trypeta]  heraeiei.) 

Centipede,  enemy  of  PayUiodes  punctulata 48 

Cercospora  beticola,  leaf-spot  disease  of  sugar  beets 59, 62 
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Ceroloma  trifuretUa^  comparison  of  work  with  that  of  Diabrotioa  haUeaia 69 

CfuUopnt  mnea,  similarity  to  Euxeata  thomm 90 

ChardSy  food  plant  of  Epicauta  pennsylvanioa  and  margined  blister  beetle 92 

Chenopodium,  food  jplsjit  of  Diaeritia  virginica 63 

aUmm,    {See  Lamb's-quarters.) 

flp.y  food  plant  of  Dieanydia  meUicoUU 31 

Cherry,  food  plant  of  Dioerifia  inr^nica 63 

Chicken,  enemy  of  Colorado  potato  beetle 87 

prairie,  enemy  of  Colorado  potato  beetle 87 

Chickweed.    (See  also  Alsine  [SteUaria]  media.) 

food  plant  of  Peylliodee  punctuUUa 40 

Chittenden,  F.  H.,  paper,  ''Notes  on  the  Cucumber  Beetles" 67-75 

Various  Truck-Crop  Insects" 86-93 

''The  Celery  Caterpillar  (PapUio  polyxenee  Fab.) ". .  20-24 
"The    Lima-Bean   Pod-Borer  (EHdla    mnekenella 

Treit.)" 25-28 

"The  Parsley  Stalk  Weevil  {Lietnmotui  koiuacului 

Boh.)" 14-19 

"The  Parsnip  Leaf-Miner  (Addiafratna  Loew) "...     9-13 
"The  Yellow-Necked  Flea-Beetle  (Disanycha  meUir 

coWwSay)" 29-32 

OUruUua  vtdgaris.    (See  Watermelon.) 
Clover,  red.    (See  Trifolium  pratenee.) 

ColtUia  arborescenSf  food  plant  of  EHella  zinckenella 26 

Conotracheliis  elegans  on  Amaranthus  and  hickory 18 

nenuphar  in  pliun  and  other  stone  fruits  and  black-knot  (Plow- 

rightia  morboea) 18 

Com  earworm.    (See  BoUworm.) 

food  plant  of  bollworm 90 

DiabroHca  balteata 69,77,78 

eoror ^72,74 

triviUata 75 

Diaaina  virginica 62 

Euxesta  niiidiventris 90 

thonus 90 

root-worm,  southern.    (See  DtabroHca  dtuxkcimpunctata.) 
stalk-borer.    (See  Elasmopalpus.) 

Cotton,  food  plant  of  DiabroHca  balteata 70, 77, 78 

picticomis 68 

Cowpea,  food  plant  of  Diabrotioa  balteata 77 

Crow,  enemy  of  Colorado  potato  beetle 87 

Crude  oil  on  sledges  against  hop  flea-beetle 49-50 

Cuckoo,  enemy  of  Colorado  potato  beetle 87 

Cucumber  beetle,  belted.    (See  Diabrotica  balteata.) 

notes  thereon 67-75 

painted.    (See  Diabrotica  pidicomie.) 

saddled.    (See  Diabrotioa  connexa.) 

striped.    (See  Diabrotica  vittata.) 

twelve-spotted.    (See  DiabroHca  duodedrnpunctata.) 

western  striped.    (See  Diabrotioa  trivittata.) 

twelve-spotted.    (See  Diabrotica  soror.) 

food  plant  of  2>ia5rottba  balteaia 69,77 

picUeomia 76 
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Cucumber,  food  plant  of  Diabwtica  mmjr 71, 72 

triviUata 75 

vUtaUi 82 

CucurbitaceouB  plants,  food  plants  of  DiabroHca  oonnexa 68 

Cucurbits,  food  plants  of  Diabrotica  picHoomii 76 

iriviUata 75 

Cultivation  in  control  of  hop  flea-beetle 58 

Currant,  food  plant  of  Dtomna  iw'^nica 63 

(^e2a«/ormio(irtti<,  larvae  in  sweet  pototo 90 

Cymlings,  food  plants  of  Diabrotica  picticomii 76 

Dahlia,  food  plant  of  Diacrisia  virginica 63 

Daiaies,  food  plants  of  Diabfotica  toror 72 

Datarui  integerrinui  on  jpecajif^preyoiEutiiif^^                       86 

Dtmnodmm  tortuonmif  food  plant  of  Dta&rotioa  baUeata 77 

DiabroHeahdUMa 69-71.76-82 

beetle,  description 71 

comparison  with  Diabrotica  oonnexa 68 

pidtcomtB 69 

description  of  beetle  and  eggs 70-71 

early  stages 81 

distribution 71 

^gg,  description 81 

food  plants 77 

hardiness  in  comparison  with  Didbrotioa  duodecimpuncUUa 

and  Diabfotica  vittata 80 

injuries 69-70 

injury,  character 77 

larva,  mature,  description 81 

newly  hatched,  description 81 

life-history  notes 78-81 

pupa,  description 81 

records  of  occurrence 77-78 

remedies,  experiments 81-82 

biologic  notes  on  species  in  southern  Texas 76-84 

oonnexa,  comparison  with  Diabrotica  picHcomii 69 

description,  distribution,  injuries 68 

duodedmpunctata,  conunon  injurious  species  in  southern  States. ...  67 

comparison  with  Dia&rottoi  «oror 73 

hardiness  in  comparison  with  Diabrotica  baUeata 

9jid  Diabrotica  viUata 80 

life-history  notes 84 

economic  importance  of  species 67 

picticomiSy  descriptions  of  beetle  and  eggs,  distribution,  injuries 68-69 

in  southern  Texas 76 

soror 71-75 

association  with  Diabrotica  trivittata 75 

conunon  injurious  species  in  Piicific  region 67 

description  of  beetle 73 

distribution 73 

habits 74 

faijury  in  California,  1906-1908 71-73 

life  history 74 

trivittata,  comparison  with  Diabrotica  vittata,  injuries 76 


Digitized  by  VjOOQ IC 


100  SOME  INSECTS  INJUBIOUS  TO  TRUCK  CBOPS. 

Pace. 

DiabroHea  vittataf  common  injurious  species  to  truck  crops 67 

hardiness  in  comparison  with  Diabrotica  balteata  and  Dia- 

brotioa  duodecimpunctata. 80 

in  southern  Texas,  injuries,  life-history  notes,  r^nedies S2*84 

Diaerida  virginica 50-66 

biologic  notes 60-62 

damage  in  Colorado  in  1009 50-60 

experiments  with  arBenicals 63-66 

fungous  disease,  Botrytii  basiiana 61 

not  preyed  upon  by  birds 62 

Dill,  food  plant  of  Papilio  polyxenei 23 

Dio8oorea  aiataj  maggots  infesting  it 90-91 

Diaonycha  abhreviaUi,  association  with  Diaonyaha  meUicollxs  on  AmoamUhuM  retro- 

fiexuM 31-32 

mdliooUM,  association  with  Disonydia  abbreviata  on  AmaranihuM  retro- 

fiexus 31-32 

at  Brownsville,  Tex.,  in  1909 31-32 

ccmtrol  methods 32 

description 30-31 

distribution 30-31 

economic  status 31 

eggs,  comparison  with  those  of  Dt$onycha  xanthomelsma, .  30 

injurious  occurrence 29-30 

larva,  comparison  with  that  of  DisonydM  xanthomeUtna. .  30 

mistaken  for  Disonycha  xanthomelmna. 29 

xanihoTnelsmaj  Disonydia  melUcoUiB  mistaken  therefor 29 

eggs,  comparison  with  those  of  Disonycha  mellicollis. .  30 

larva,  comparison  with  that  of  DiKmydia  mellicollis. ,  30 
Disparene.    {See  Arsenate  of  lead.) 
Dock.    {See  Rumex.) 

Dolichos  atropvarpureus,  food  plant  of  Diabrotica  baUeata 77 

Dragonfly  enemy  of  Papilio  polyxenes.    (See  Anax  longipes.) 

Dust,  road,  deterrent  against  parsnip  leaf-miner 13 

Eggplant,  food  plant  of  Diabrotica  balteata 70, 77 

Diaerisia  virginica 62 

Nezara  hilaris 86 

Trichobaris  trinotata 89 

Elasmopalpus,  comparison  of  moth  with  that  of  EtieUa  tinckenella 27 

EpicatUa  marginata  {see  also  Blister  beetle,  maigined). 

feeding  habits,  notes 91 

on  asters,  brushing  as  remedy 92 

pennsylvanica^  association  with  Epicauta  margiiuUa  in  injury  to  chards 

and  garden  beets. 92 

trichrus  on  asters,  brushing  as  remedy 92 

vittata,  feeding  habits 91 

Epitrix  subcrinita  on  potatoes,  possible  confusion  with  PsyUiodes  punctulata  ...  37 
Erycus  puncticollis,    (See  Notaris  [Erycus\  puncticolHs.) 

EtieUa  nihribaseUa^'Etiella  zinckenella 26 

scMstieolor  only  a  race  of  Etiella  zinckenella 26 

ginckeneUa 25-28 

comparison  of  moth  with  that  of  com  stalk-borer  (Elasmopal- 
pus)   27 

description 25-27 
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EHeUa  zinckenellay  distribution 26-27 

•     injurious  occurrence 25 

larva,  description 27 

habits 27-28 

moth,  description 25-27 

resemblance  of  larva  to  that  of  MonopHlota  nubileUa 25, 27 

Ewytoma  tylodermatiSf  parasite  of  Trichobarii  trinotata 89 

IkUhifrkyndniaJloridantu 86-87 

descriptive •. 86-87 

enemy  of  bees 86 

**bright  green  rose  chafer*' 87 

Colorado  potato  beetle 86 

I><Uana  integerrima 86 

Nezara  kUaru 86 

Euxesta  niHdiventrUy  ccanparison  with  Euxesta  notata 90 

infesting  Dioscorea  alata  and  com  ears,  descriptive 90 

notata^  comparison  with  Euxesta  nitidiventris 90 

thomx  infesting  DioAOorea  afoto  and  com  ears 90 

Fennel,  food  plant  of  Fapilio  polyrtnes .  28 

Fertilization  in  control  of  hop  flearbeetle 58 

Fig,  food  plant  of  Diabrotica  balteata 77, 78 

Flea-beetle,  yellow-necked.    (See  DiMonycha  meUicoUis,) 

Fmnigation  of  poles  against  hop  flea-beetie — an  impractical  measure 55 

Fungous  disease.    (See  Botrytis  basnana.) 

diseases  of  FgyUiodes  pundulata 47 

Grooseberry,  food  plant  of  Diaaina  virgimca 63 

Grape,  food  plant  of  Diacritia  virginiea 63 

Green  bug,  spotted,  colloquial  name  for  Diabrotica  balteata  in  Texas 77 

Gregarious  feeding  habits  of  blister  beetles 91-92 

Grouse,  ruffed,  enemy  of  Colorado  potato  beetle *  87 

sharp-tailed,  enemy  of  Colorado  potato  beetle 87 

Guinea  fowls,  enemies  of  Colorado  potato  beetle 88 

Hand  picking  against  celery  caterpillars... 23 

Colorado  potato  beetle 1-2 

Harpaline  groimd  beetles,  enemies  of  Colorado  potato  beetle 4 

Hawk,  red-tailed,  enemy  of  Colorado  potato  beetle * 87 

Helianthus,  food  plant  of  Diafrrotica  balteata 77 

Diaerisia  virginiea 63 

Heracleum,  food  plant  of  Aoidiafratria 0 

Hickory,  food  plant  of  Conotrachelus  elegans 18 

Hollyhock,  food  plant  of  Diaerisia  virginiea 62 

Hop  flea-beetle.    (See  Psylliodes  punctulata.) 

food  plant  of  Psylliodes  punctulata 33-66 

mold.    (See  Spharoiheca  eastagnei.) 
Hvmvlus  lupulus.    {See  Hop.) 

Hyacinth,  food  plant  of  Diaerisia  virginiea 63 

IberviUea  lindheiiruri^  food  plant  of  Diabrotica  balteata 77 

Ichneumon  fly,  parasite  of  EOella  tmcktnella 28 

Kerosene  emulsion  against  hop  flea-beetle 57 

parsley  stalk  weevil 19 

parsnip  leaf-miner 13 

carbolized,  ags^nst  parsnip  leaf-miner 13 

"Ladybug,"  colloquial  name  for  Diabrotica  balteata  in  Texas 77 
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Lamb's-quartera,  food  plant  of  Diacrisia  virginica 60-61 

Epicauta  marginata : 91 

Psylliodes  punctulata 40 

Land  plaster  and  Paris  green  against  Colorado  potato  beetle,  cost  of  application 

per  acre  by  plantation  methods. 2, 6, 6, 7 

Laria  lentU,  the  lentU  weevil,  distribution,  synonymy 92 

pitorum,  the  pea  weevil,  synonomy 92 

ruftmana,  the  broad-bean  weevil,  introduction  into  California,  synonymy.  92 

Leafhoppen,  feeding  habit » 91 

Leaf  spot.    (See  Cercospora  hetioola.) 

Lebia  grandiSf  enemy  of  Colorado  potato  beetle 4 

LepUnotarsa  decemlxneata.    {See  Potato  beetle,  Colorado.) 

Lettuce,  food  plant  of  Diahrotioa  balteata 70, 77 

^                                                      ioror 73 

Disonycha  melUcollis 29,  SI 

Lima  bean  pod*bofer.    (See  Etiella  zindtenella.) 

vine-borer.    (See  MonopUlota  nuhilella.) 
beans.    (See  Beans,  Lima.) 

Idqie  and  arsenite  of  copper  against  Colorado  potato  beetle 6 

Paris  green  against  Colorado  potato  beetle 5-6 

yellow-bear  caterpillar 63-66 

powdered  soot,  deterrent  against  parsnip  leaf -miner 13 

white  arsenic,  and  sal  soda  against  Colorado  potato  beetle 4, 6 

Listronotus  appendiculatus  on  cabbage 14 

imprestifrons^  comparison  with  Li$tronotu9  latiusculus 15 

latiusculus 14-19 

adult  or  beetle,  description 15 

control  methods 19 

description 15 

distribution 16 

egg,  description 15 

food  plants; 18 

habits 18 

injurious  occurrence 14 

injury  at  Four  Mile  Run,  Virginia 16-17 

larva,  description 15-16 

bviposition 17-18 

pupa,  description 16 

Lonchaea  longieomis  infesting  Dioscorea  alata  and  sweet  com,  descriptive 90 

similarity  to  Lonchxa  polita 90 

politaf  comparison  with  Lonchsea  longicomia 90 

Lyoopersicum  esculentum.    (See  Tomato.) 

Lye^ulphur  against  red  spider  ( Tetranychus  bimaculatus) 64 

McMillan,  D.  K.,  description  of  earlier  stages  of  DiabroHca  balteata 81 

Maggots  infesting  yams  in  South 90-91 

Mangels,  food  plant  of  Psylliodes  punctulata 40 

treatment  with  tobacco  dust  against  hop  flea-beetle 54 

Maish,  H.  0.,  paper,  "Biologic  and  Economic  Notes  on  the  Yellow-Bear  cater- 
pillar (Diacrma  virginica  Fab.)'* 59-66 

Notes  on  Species  of  Diabrotica  in  southern 

Texas  " 76-84 

Report  on  Ditonycha  meUicollii  at  Brownsville,  Tex.,  in  1909. . «  31-32 
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Melona,  food  plants  of  Diabfotica  baUeata 70 

•ortw 71,72 

triviUata 76 

vitUUa 82 

ManoptUota  nvbUeOaf  leaemblance  of  larva  to  that  of  EtieUa  ginekendla 25 

Monoona  ap.,  destruction  by  burning 6€ 

Morning-glory,  food  plant  of  Diacrina  wyinico 62 

Mustard,  food  plant  of  Diabrotioa  $oror 78 

Ptylliodes  ptmctulata 40 

Nettle.    (See  UrtieadUnca,) 

Nezara  kdaris  on  eggplant,  prey  of  JShithyrhynchut  Jloridanui 86 

Nightbawk,  enemy  of  Colorado  potato  beetle 87 

Notaris  (Erycui)  puneticolltB  on  cabbage 14 

Okra,  food  plant  of  IHoftrotico  6aft«ito 69,77,78 

pictieomu 68 

Onion,  food  plant  of  ZMoftrotica  baUeata 70-71 

Orange,  food  p\&nt  ot  Di4xbrotioa  baUeata 77 

90TW 76 

groves,  damage  by  attack  of  2>ia6ratioa  sofor 72 

PaxkymeruB  ddnenm,  the  cowpea  weevil,  sjmonymy OS 

qiuubrimaculatitSf  the  four-spotted  b^in  weevil,  sjmonymy 03 

PapiUo  aiteriua^PapUio  polyxene$y  bibliographic  references 24 

pofyxenes 20-24 

adult,  descriptive 21 

bibliography 23-24 

chrysalis,  descriptive 21 

descriptive 20-21 

distribution 20 

eggi  descriptive 20 

habits 22-23 

larva,  descriptive 21 

life  history 22-23 

natural  enemies * 23 

remedies 23 

trailuSf  name  wrongly  used  for  PapUio  polyxene$ 24 

Paris  green  against  celery  caterpillar 23 

Coloiado  potato  beetle 5, 6 

hop  flea-beetle 57 

yellow-necked  flea-beetle 32 

and  Bordeaux  mixture  against  Colorado  potato  beetle ,  cost  per  acre .        5, 

6,7,8 
land  plaster  against  Colorado  potato  beetle,  cost  of  application 

per  acre  by  plantation  methods 2, 5, 6, 7 

lime  against  Colorado  potato  beetle 5-6 

yellow-bear  caterpillar 63-66 

spray  against  Colorado  potato  beetle,  superiority  to  dusted  land 

plaster  and  Paris  green 2 

Parker,  William  B.,  paper,  ''The  Life  History  and  Control  of  the  Hop  Flea- 
Beetle  (Psylliodes  jmnctulata  Melsh  .y 33-58 

Parsley,  food  ph^nt  ot  IAatr<motu»  loHtisculus 14-19 

PapUio  polyxenes 20, 23 

stalk-weevil.    (See  LUtronotus  ladusculu$.) 

worm,  colloquial  name  for  larva  of  Papilio  polyxenei 20 
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Faranip,  food  plant  of  AdcKafratria ^13 

Diacruia  virginica 62 

PapUio  polyxenei. 23 

leaf-miner.    (See  Aeidiajratria.) 

wild,  food  plant  of  Papilio  polyxene$ 20 

Pea  and  bean  weevils,  nomenclature 92-93 

Peaches,  reported  injury  by  Diabrotica  triviUaia 75 

Peanut,  food  plant  of  Blapstinus 72 

Diabrotica  halUaia 77 

KTor 72, 73 

Diacrma  vvrginica 62 

Peas,  food  plant  of  Diabrotica  balUata 77 

#oror 72 

Diacrma  virginica 62 

Pecan,  food  plant  of  Datana  inUgerrima 86 

Penicillium  glaueum  on  Psylliodes  punctukUa 47 

PentaUrma  punicea,  name  used  for  JStUhyrhynckus  Jloridanus 87 

Pepper,  food  plant  of  Diabrotica  halUata 77, 78 

PeriUoides  {PeriUm)  bioculatuif  enemy  of  Colorado  potato  beetle 85 

Phragmitee,  IA$tronotu$  latiiucuhu  found  therein 18 

Phyda  zinckenella»EtieUa  zindcenella 26 

Physalis,  food  plant  of  potato  stalk-weevil  ( Tridiobarii  trinotata) 89 

Pigweed .    (See  ATnaranthut  retroJUsna. ) 

rough.    (See  Amarantkui  retroJUxm.) 
Plant-bug,  green.    (See  Nezara  kUaris.) 

Plotorightia  morbosa,  food  plant  of  Conotrachdut  nenuphar 18 

Plum  curculio.    (See  Conotradielus  nenuphar.) 

food  plant  of  Conotrachdui  nenuphar 18 

Pod-borer,  lima-bean.    (See  Etiella  zinckenella.) 

Poditus  maculiventris,  enemy  of  Colorado  potato  beetle 3 

Popenoe,  C.  H.,  paper,  "The  Colorado  Potato  Beetle  in  Virginia  in  1908 " 1-8 

Portulaca  oUraceay  food  plant  of  Disonycha  mellicoUis 29-30, 31 

retusay  food  plant  of  Disonycha  mellicoUis 31 

Potato  beetle,  Colorado,  bird  enemies 87-88 

insect  enemies 85-87 

in  Virginia  in  1908 1-8 

conclusions  as  to  remedies 8 

experiments  with  insecticides 4-^ 

habita 2-3 

insect  enemies 3-4 

life  history 2-3 

remedies 4S 

status 1-2 

prey  of  Pterostichus  lucuhUmdue 85 

food  plant  of  Diabrotica  baUeata 77 

foror 72 

Diacrisia  virginica 62 

potato  stalk  weevil  ( Trichobarie  Jtrinotata) 89 

Psylliodes  punctulata 41 

stalk  weevil,  food  habita  and  injuries,  parasite 8&-89 

sweet.    (See  also  Yams). 

food  plant  of  Diacrisia  virginica 62 
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Potatoes,  early,  center  of  production  in  eaatem  United  Statai 1 

P6wer  sprayer  for  potatoes,  cost 8 

Fsylliodes  punctulata 33-58 

adult,  activities  at  night 42 

*  activity 41-42 

copulation 38 

description 37 

destructive  power  by  feeding 41 

flight 42 

%             foodplanta 40-42 

length  of  life 38-39 

migrations 41^12 

number  of  eggs  and  rate  of  egg-laying 38 

oviposition 38 

Psylliodes  pimetulata^  adult,  portions  of  plants  attacked 41 

protection  by  concealment 42 

locomotion 42 

time  of  reaching  maturity 38 

broods,  number  and  time  of  appearance '43 

control 48-58 

by  banding  with  tanglefoot 50-52 

Bordeaux  mixture 53-54 

tobacco  extract 54 

cultivation 58 

destruction  of  hibernating  beetles 52-53 

fertilization 58 

spraying 56-57 

sticky  shield 48-49 

tarred  board 48-49 

sledges 4^-50 

tobacco  dust 54 

traps 57-58 

impractical  measures 54-56 

diseases,  bacterial 48 

fungous 47 

economic  importance 33-34 

eggs,  arrangement 35 

conditions  favorable  for  incubation 35 

descriptive 34 

hatching  process 35 

time  of  incubation • 35 

where  laid 34r35 

food  of  larva 40 

plants  of  adult 40-41 

habits 39-42 

hibernation 43-47 

emergence  therefrom 46-47 

entrance 43-44 

places 44-46 

larva,  conditions  favorable 3{M0 

description 35 

depth  in  soil 39 

food 40 
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PsyUiodei  punetulata,  larva,  length  oi  itage 35-36 

pupation 36 

where  found 39 

life  cycles,  length 42-43 

history / 34-39 

multiplication 43 

parasites 48 

predaceous  enemies 48 

pupa,  description 36 

duration  of  stage ^ 36-57 

transformation  to  adult 36-37 

recommendations  for  control 58 

seasonal  history 42-47 

PUrosHdiui  hieuhlanduSf  enemy  of  Colorado  potato  beetle 85 

Pumpkin  bug,  colloquial  name  for  Diabrotica  baUeata  in  Texas 77 

food  plant  of  Dia6fotioa  6aZteato 77 

Diacruia  virginioa 62 

Purslane,  common.    (See  Portulaca  oleracea,) 

Radish,  food  plant  of  Diacrisia  virginica 62 

PsyUiodet  puTictulata 40 

Raphanus  boHvub.    (See  Radish.) 

Raspberry,  food  plant  of  Diaeritia  virginica 63 

Red  spider.    (See  Tetranychut  bimaculatiu.) 
Reeds.    (8ee  Phragmites.) 

Resin-lye  against  hop  flea-beetle 57 

Rheum  officinale.    (See  Rhubarb.) 

Rhubarb,  food  plant  of  Diacrisia  virginica 61, 62 

Psylliodes  punctvJata 33,40,41 

Robin,  enemy  of  Colorado  potato  beetle 87 

Rolling  the  yards  against  hop  flea-beetle — an  impractical  meamire 55-^ 

''Rose  chafer,  bright  green, "  prey  of  EiUkyrhynchua  Jloridanus 87 

Rumex  acetocella,  food  plant  of  Ptylliodes  punctulata 41 

food  plant  of  Diacriiia  virginica 63 

obtustfoliuSy  food  -plBLTit  ot  Psylliodes  punctulata 41 

Sagittaria  spp.,  food  plants  of  lAstronotus  appendiculatus  and  other  species  of 

genus 14 

variabilis,  food  plant  of  Listronotus  latiusculus 18 

Sal  soda,  white  arsenic,  and  lime  against  Coknado  potato  beetle 4,6 

Salsola  tragus,  food  "plant  of  Diacrisia  virginica 63 

Seshania  aculeata,  tood  pUnt  ot  Diabrotica  balteata 77 

Soda,  sal.    (See  Sal  soda.) 

SoUmum  carolinense,  food  plant  of  potato  stalk  weevil 89 

etseagntfolium,  food  plant  oi  Diabrotica  balteaia 77 

rostratum,  food  plant  of  Z>uicrtna  virginica 63 

tuberosum.    (See  Potato.) 

Soot,  powdered,  and  lime,  deterrent  against  parsnip  leaf-miner 13 

Sorghum,  food  plant  of  Diabrotica  baUeata 77 

duodecimpunctata 84 

Sorrel.    (See  Rum£X  acetocella.) 

SxMuush  needle,  food  pl&xit  of  Diacrisia  virginica 63 

Sparrow,  chipping,  enemy  of  Colorado  potato  beetle 87 

English,  enemy  of  Colorado  potato  beetle 87 

Sphserotheca  castagnei  on  Psylliodes  punctvlata 47 
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Sphenophorus  Bpp.,  BtBtoB  9B  pestB 14 

Spider,  red.    (See  Tetrar^ychus  himaculatui,) 

8pilo9oma  virg%niea==Diacnsia  virginioa 69 

Spinach  flea-beetle.    (See  Disonydui  xanthomdmna.) 

food  plant  of  Diahrotioa  halteata 77 

9oror 73 

Diionycha  mellicollii 29, 31 

Spraying  against  hop  flea-beetle  in  poles— an  impractical  measure 55 

Squash,  food  plant  of  DiabroHca  halteata 70, 77, 78 

pieticomis 68 

sorer 71 

trivittata 75 

vittata 82 

Diaaritia  virginica 62 

Hubbard,  food  plant  of  Diahrotioa  picticomii 76 

SieUaria  media.    (See  Alaine  [Stellaria]  media.) 

Sticky  shield  against  hop  flea-beetle 48-49 

Sugar  beets.    (See  Beets,  sugar.) 

Sweet  potato  borer.    (See  Cydasformiearius.) 

SyrUomorphyrum  sp.,  parasite  of  Addiajratria 12 

Tachinids,  enemies  of  Colorado  potato  beetle 3-4 

Tanager,  scarlet,  enemy  of  Colorado  potato  beetle. 87 

Tanglefoot  against  hop  flea-beetle 50-52 

Tarred  boards  against  hop  flea-beetle 34,48-49 

sledges  against  hop  flea-beetle 49-50 

Tetranychus  bimiaculatus  on  celery,  lye-sulphur  as  remedy 64 

Thistle,  Russian.    (See  SaUola  tragus,) 

Thrush,  hermit,  enemy  of  Colorado  potato  beetle 87 

olive-backed,  enemy  of  Colorado  potato  beetle 87 

wood,  enemy  of  Colorado  potato  beetle , 87 

Tobacco  dust  against  hop  flea-beetle 54 

Tomato  bug,  colloquial  name  for  Diabrotica  halteata  in  Texas 77 

food  plant  of  Diahrotioa  halteata 77, 78 

Psylliode^  punctulata 40, 4 1 

Traction  power  dust  distributors  against  Colorado  potato  beetle 7 

sprayer  against  Colorado  potato  beetle 7-8 

Trap  foods  against  hop  flea-beetle 57 

lights  against  hop  flea-beetle 57 

shelters  against  hop  flea-beetle 57-58 

Traps  against  hop  flea-beetle 57-58 

Trichoharis  trinotata.    (See  Potato  stalk  weevil.) 

Tri^olium  pralense,  food  ^IdiJitol  Ptylliodee  puTictuUUa 41 

Tri>gus  exesoHuSy  parasite  of  PapiUo  polyxenes 23 

exidianator,  parasite  of  Papilio  polyxenes 23 

Trypetafratria^Acidia  Jratria 9, 11 

heraolei^Acidiaheraclei 9 

liogaster  considered  by  Thomson  identical  with  Acidia  fratria 9 

Turnip,  food  plant  of  Diahrotioa  halteata 77 

Diacrisia  vtrginica 62 

Umbelliferous  weeds,  food  plsjitBoi  Papilio  polyxenes 20 

Urtica  dioioaf  food  plant  of  Psylliodes  punctulata 40 

Verbesina  blossom,  Diahrotioa  picticomis  taken  thereon 76 

encelioideSy  food  plant  of  Diahrotioa  halteata 77 
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Verbesina,  food  plant  of  Dtacrisia  virginica 63 

Vetch,  food  plant  of  Diabrotica  haUeata 70, 77 

picticomis 68 

Walnut  caterpillar,  black.    (See  Datana  inUgerrima.) 

Watennelon,  food  plant  of  Diabrotica  haUeala 77 

viJUata 83 

Diacrisia  vtrginioa 62 

Psylliodes  pundtUaia 40 

Weevil,  broad-bean.    (See  Laria  rufimana.) 

common  bean.    (See  Acanthoscelides  obUctua.) 

cowpea.    (See  PachyTnerua  chinensis.) 

four-spotted  bean.    (See  Pachymerus  quadrimaculatiu.) 

lentil.    (See  Laria  lentis.) 

pea.    (See  Laria  pisorum.) 

Weevils,  bean  and  pea,  nomenclature. 92, 93 

Whale-oil  soap  against  hop  flea-beetle 67 

Wheat,  food  plant  of  Diabrotica  baUeata 69 

Xysticus  gulosus^  enemy  of  Diabrotica  soror 76 

Yams,  maggots  affecting  them  in  the  South 90-91 

Yellow-bear  caterpillar.    (See  Diacrisia  virginica,) 

Zinnas,  food  plants  of  Diabrotica  soror ^ 72 
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B  UREA  U  OF  ENTOMOLOQ  Y. 

L.  O.  Howard,  EntomologUi  and  Chief  of  Bureau. 

C.  L.  Marlatt,  Entomologist  and  Acting  Chief  in  absence  of  Chief 

R.  S.  Clifton,  Executive  Assistant. 

C.  J.  G1LLI88,  Chief  Clerk. 

F.  H.  Chittenden,  in  charge  of  truck  crop  and  stored  product  insect  investigations. 

A.  D.  Hopkins,  in  charge  of  forest  insect  investigations. 

W.  D.  Hunter,  in  charge  of  southern  field  crop  insect  investigations. 

F.  M.  Webster,  in  charge  of  cereal  and  forage  insect  investigations. 

A.  L.  Quaintance,  in  charge  of  deciduous  fruit  insect  investigations. 

E.  F.  Phillips,  in  charge  of  bee  culture. 

D.  M.  Rogers,  in  charge  of  gipsy  moth  field  work. 
W.  F.  FiSKE,  in  charge  of  gipsy  moth  laboratory. 

F.  C.  BiSHOPP,  in  charge  of  cattle  tick  life  history  investigations. 
A.  C.  Morgan,  in  charge  of  tobacco  insect  investigations. 

R.  S.  WoQLDM,  in  charge  of  hydrocyanic  acid  gas  investigations. 
R.  P.  Currie,  in  charge  of  editorial  work. 
Mabel  Colcord,  librarian. 

Forest  Insect  Investigations. 

A.  D.  Hopkins,  in  charge. 

H.  E.  Burke,  J.  L.  Webb,  Josef  Brunner,  T.  E.  Snyder,  W.  N.  Dovener,  agents 

and  experts.    . 
W.  F.  Fiske,  agent  and  expert.    (Transferred  to  another  branch  of  the  Bureau.) 
W.  D.  Edmonston, /or€«/  ranger.    (Assigned  from  Forest  Service  on  practical  applica- 
tion and  demonstration  work  in  the  National  Forests.) 

E.  C.  Wood,  stenographer  and  clerk. 
S  A.  Rohwer,  collaborator. 
Mary  E.  Faunce,  expert  preparator. 
William  Middleton,  student  assistant. 

II 


Digitized  by  VjOOQ IC 


LFTIHR  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Entomology, 
Washington,  D,  (7.,  March  31,  1909, 
Sir:  I  have  the  honor  to  transmit  herewith  manuscript  of  the 
first  partof  a  proposed  bulletin  of  this  bureau,  to  be  entitled  ''Practical 
Information  on  the  Scolytid  Beetles  of  North  American  Forests." 

The  present  part  is  entitled  '*Barkbeetles  of  the  Genus  Dendroc- 
tonus,"  and  deals  with  the  more  practical  results  of  extensive  inves- 
tigations by  Doctor  Hopkins  between  1891  and  1908,  and  of  those 
conducted  by  him  and  under  his  immediate  supervision  by  field 
and  oflSce  assistants  of  this  Bureau,  Messrs.  W.  F.  Fiske,  H.  E.  Burke, 
and  J.  L.  Webb.  It  relates  to  the  most  destructive  enemies  of  the 
coniferous  forests  of  North  America,  gives  practical  methods  for 
their  control,  and  serves  as  a  supplement  to  Technical  Series  No.  17, 
Part  I,  the  two  publications  together  making  a  very  complete  tech- 
nical and  popular  monograph  of  the  genus  Dendroctonus,  the  major 
part  of  which  is  based  on  original  research.  It  is  believed  that  these 
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Secretary  of  Agriculture, 
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PREFACE  TO  BULLETIN. 


During  the  writer's  investigations  of  extensive  insect  depredations 
in  the  forests  of  West  Virginia,  from  1890  to  1902,  he  was  forcibly 
impressed  with  the  importance  of  the  forest-insect  problem  in  con- 
nection with  any  future  eflForts  toward  the  successful  management  of 
the  forests  of  this  country,  and  was  thus  led  to  give  special  atten- 
tion to  the  subject.  It  was  soon  realized  that  among  the  principal 
groups  of  insect  enemies  of  forest  trees  the  scolytid  bark  and  wood 
boring  beetles  must  occupy  first  rank,  both  in  economic  importance 
and  systematic  interest.  Subsequent  investigations  in  West  Vir- 
ginia, in  connection  with  the  work  of  the  West  Virginia  Agricultural 
Experiment  Station,  and  in  all  of  the  principal  forest  regions  of  the 
country,  in  connection  with  the  work  of  the  Bureau  of  Entomology, 
have  served  to  confirm  these  first  impressions. 

In  these  investigations  special  efforts  have  been  made  to  acquire 
information  on  the  habits  and  seasonal  history  and  other  facts  relat- 
ing to  the  various  species,  and  to  collect  an  abundance  of  material 
for  systematic  study,  all  to  form  a  basis  for  conclusions  in  regard  to 
the  principal  enemies  of  American  forests  and  practical  methods  for 
their  control. 

The  results  of  these  investigations  will  be  published  in  the  two 
series  of  bulletins  issued  by  the  Bureau  of  Entomology.  Those  relat- 
ing to  the  purely  technical  or  systematic  side  of  the  subject,  and  of 
more  direct  interest  to  the  systematic  and  economic  entomologist 
and  the  general  student  of  entomology,  will  be  published  in  the 
technical  series,  while  those  of  special  interest  to  the  economic  ento- 
mologist, the  student  of  forest  entomology,  the  technical  and  practi- 
cal forester,  the  owner  of  private  forests,  the  manufacturer  of  forest 
products,  and  the  public  generally  will  be  included  in  the  regular, 
economic  series  of  bulletins.  The  bulletins  of  each  series  are  to  be 
issued  in  parts,  each  part  relating  to  a  special  group  or  genus  as  the 
work  thereon  is  completed,  thus  avoiding  the  otherwise  necessary 
delay  in  publication.  A  full  index  will  be  published  to  accompany 
each  completed  bulletin  of  several  himdred  pages. 

A.  D.  H. 
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PKACTICAL  INFORMATION  ON  THE  SCOLYTID  BEETLES 
OF  NORTH  AMERICAN  FORESTS. 


I.  BARKBEETLES  OF  THE  GENUS  DENDROCTONUS. 

By  A.  D.  Hopkins, 
In  Charge  of  Forest  Instct  Invesiigaiums, 

INTBODXTCTOBT. 

The  first  part  of  this  bulletin  supplements  Technical  Series  No.  17, 
Part  I,  of  this  Bureau,  in  giving  facts  of  practical  interest  and 
importance  on  a  group  of  barkbeetles  which  contains  the  most 
destructive  enemies  of  the  principal  coniferous  forest  trees  of  North 
America. 

To  avoid  the  too  frequent  repetition  of  technical  and  common  names 
in  the  text  or  in  footnotes,  the  species  number  is  used,  referring  to 
the  corresponding  number  in  a  classified  list  of  technical  and  com- 
mon names  in  Plate  I. 

The  list  of  publications,  in  which  references  are  to  be  found  to 
some  economic  feature  of  one  or  more  species,  is  arranged  in  chrono- 
logic instead  of  alphabetic  order,  so  that  the  reference  in  the  text 
is  to  the  year  in  which  the  particular  article  referred  to  was  pub- 
lished, as  well  as  to  the  author^s  name.  A  more  extensive  bibliog- 
raphy is  found  in  Technical  Series  No.  17,  Part  I. 

HISTOBICAL. 

The  name  ''Dendroctonus,"  which  means  JciUers  of  trees,  was  pro- 
posed in  1836  by  Dr.  W.  F.  Erichson  to  designate  a  genus  of  beetles 
which  was  then  represented  by  two  described  species — the  European 
spruce  beetle  (No.  21)  (see  Plate  I)  and  the  black  turpentine  beetle 
(No.  22).  Between  that  time  and  1897  ten  more  North  American 
species,  as  at  present  recognized,  were  added,  one  (No.  18)  by 
Kirby  in  1837,  one  (No.  17)  by  Mannerheun,  1843,  one  (No.  23)  by 
LeConte,  1860,  one  (No.  4)  by  Zimmerman  in  1868,  two  (Nos.  12  and 
20)  by  Le  Conte  in  1868,  one  (No.  7)  by  Chapuis  in  1869,  one  (No.  1) 
by  Le  Conte  in  1876,  one  (No.  8)  by  Dietz,  1890,  and  one  (No.  24) 
by  Blandford  in  1897.  The  writer  has  added  twelve  (Nos.  2,  3,  5,  6, 
8^635— Bull.  83,  pt  1—09 2 
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9,  10,  11,  13  to  16,  and  19)  North  American  species,  but  none  has 
been  added  from  any  other  part  of  the  world.  Therefore  the  genus 
is  now  represented  by  23  species  from  North  America  and  one  from 
Europe. 

The  European  species  was  early  recognized  as  a  destructive  enemy 
of  spruce  and  other  coniferous  trees,  and  much  information  has  been 
published  relating  to  its  habits,  life  history,  distribution,  and  methods 
of  control. 

Previous  to  the  year  1891  only  two  species  had  been  recognized  in 
this  country  as  depredators  on  forest  trees.  The  black  turpentine 
beetle  had  been  referred  to  by  Olivier,  1795,  and  the  red  turpentine 
beetle  by  Harris,  1826  to  1862,  and  by  other  writers,  as  enemies  of 
pine,  and  the  eastern  spruce  beetle  (No.  14),  imder  the  name  of 
another  species  (No  18),  was  recognized  as  a  destructive  enemy 
of  the  spruce  in  the  northeastern  United  States  and  southeastern 
Canada  and  was  the  subject  of  special  investigations  and  reports  by 
several  authors.  In  1891  the  writer  foimd  that  the  southern  pine 
beetle  (No.  4)  was  the  cause  of  the  death  of  pine  and  spruce  timber 
over  extensive  areas  in  West  Virginia  and  adjoining  States,  and  it 
was  the  subject  of  special  investigations  and  reports  (Hopkins,  1892 
to  1899).  It  was  also  mentioned  in  publications  by  Chittenden 
(1897),  Schwarz  (1898),  and  others. 

In  1899  the  writer  made  observations  on  the  destructive  habits  of 
the  western  pine  beetle  (No.  1),  the  red  turpentine  beetle  (No.  23), 
the  mountain  pine  beetle  (No.  9),  and  the  Douglas  fir  beetle  (No. 
13),  and  observed  the  habits  of  the  Sitka  spruce  beetle  (No.  17).  In 
1900  the  destructive  work  of  the  eastern  spruce  beetle  (No.  14)  in 
northwestern  Maine  was  investigated,  and  in  1901  investigations 
were  made  on  the  Black  Hills  beetle  (No.  10)  and  its  depredations 
in  the  Black  Hills  of  South  Dakota  were  investigated. 

Since  July,  1902,  many  trips  have  been  made  by  the  writer  to 
different  sections  of  the  country  in  general,  and  special  investigations 
made  of  the  work  of  one  or  more  of  the  species  of  this  genus,  as  noted 
further  on,  under  ^' Basis  of  information,''  following  the  account  of 
each  species.  Messrs.  J.  L.  Webb,  H.  E.  Burke,  and  W.  F.  Fiske, 
assistants  in  forest  insect  investigations,  working  according  to  the 
plans  and  under  instructions  of  the  writer,  have  given  special  atten- 
tion to  the  study  of  the  seasonal  history,  habits,  etc.,  of  the  species 
found  during  their  active  field  work. 

Mr.  Webb  spent  two  seasons  (1902  and  190d)  in  the  Black  Hills 
National  Forest,  principally  in  the  study  of  the  Black  Hills  beetle 
(No.  10)  and  its  work  and  in  conducting  experiments  with  trap  trees; 
one  season  (1904)  in  the  San  Francisco  National  Forest,  giving  special 
attention  to  species  2,  3,  and  8,  and  one  season  (1905)  in  central 
Idaho,  studying  the  western  pine  beetle  (No.  1)  and  in  conducting 


Digitized  by  VjOOQ IC 


THE  GENUS   DENDROCTONUS.  6 

experiments  with  trap  trees.  He  also  spent  the  season  of  1906  in 
the  Black  Hills  to  complete  the  investigations  on  the  Black  Hills 
beetle  and  the  season  of  1907  in  the  national  forests  of  southern  New 
Mexico  and  Arizona  in  general  field  work. 

Mr.  Burke  spent  three  seasons  (1903,  1904,  and  1905)  in  western 
and  northwestern  Washington  in  general  forest  insect  investigations, 
and  made  observations  on  the  Sitka  spruce  beetle  (No.  17)  and  the 
Douglas  fir  beetle  (No.  13).  He  also  made  special  trips  to  Idaho  and 
South  Dakota  in  1904  to  determine  certain  facts  relating  to  the  west- 
em  pine  beetle  (No.  1)  in  Idaho  and  the  Black  Hills  beetle  (No.  10)  in 
South  Dakota.  In  1906  he  spent  the  greater  part  of  the  season  in 
the  Yosemite  National  Park,  under  instructions  to  make  special 
studies  of  the  mountain  pine  beetle  (No.  9),  the  western  pine  beetle 
(No.  1),  and  the  red  turpentine  beetle  (No.  23),  and  in  1907  he  made 
observations  on  the  southwestern  pine  beetle  (No.  2),  the  Black  Hills 
beetle  (No.  10),  and  other  species  in  the  forests  of  Utah. 

Mr.  Fiske  gave  special  attention  to  the  investigation  of  the  south- 
em  pine  beetle  (No.  4)  and  its  work,  experiments  with  trap  trees, 
etc.,  during  his  general  investigations  of  forest  insects  in  the  South 
Atlantic  and  Gulf  States  during  the  seasons  of  1903,  1904,  1905, 
and  1906,  and  studied  the  seasonal  history  and  habits  of  the  black 
turpentine  beetle  (No.  22)  and  the  red  turpentine  beetle  (No.  23) — 
the  latter  in  the  mountains  of  North  Carolina.  In  the  fall  of  1906 
he  made  observations  on  the  eastern  larch  beetle  (No.  12)  and  the 
redwinged  pine  beetle  (No.  18)  in  northwestern  Michigan,  and  in  the 
spring  of  1907  he  made  observations  on  species  4  and  22  in  Texas 
and  on  species  2,  3,  5,  8,  13,  15,  and  23  in  southern  New  Mexico. 

This  field  work  by  the  writer  and  his  assistants  has  resulted  in 
the  accumulation  of  a  mass  of  material  in  specimens  and  notes 
which  has  served  as  a  basis  for  the  preparation  of  this  part  of  the 
bulletin. 

Considerable  material  has  also  been  received  from  officials  of  the 
Forest  Service,  together  with  information  in  regard  to  the  location  and 
extent  of  depredations,  and  from  owners  of  private  forests  and  other 
correspondents  in  different  sections  of  the  country  who  have  notified 
us  of  troubles  affecting  the  timber  and  have  responded  to  our  requests 
for  specimens  and  detailed  information  in  regard  to  the  character  and 
extent  of  the  depredations. 

DESTBXJCTION  CAUSED  BT  THE  BEETLES. 

The  results  of  our  investigations  have  clearly  shown  that  some  of 
the  species  of  this  genus  of  beetles  are  the  most  destructive  enemies 
of  the  coniferous  forest  trees  of  North  America.  As  examples,  we 
have  only  to  cite  the  well-known  depredations  by  the  eastern  spruce 
beetle  (No.  14)  in  the  northeastern  United  States  and  New  Bruns- 
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wick  during  the  past  century  (Hopkins,  1901a),  the  widespread 
destruction  of  pine  and  spruce  by  the  southern  pine  beetle  (No.  4) 
in  West  Virginia  and  Virginia  in  1891  and  1892  (Hopkins,  1899a),  the 
destruction  of  a  large  percentage  of  the  timber  in  an  entire  National 
Forest  by  the  Black  Hills  beetle  (No.  10)  within  the  past  ten  years 
(Hopkins,  19026  and  1905),  and  the  depredations  by  the  western 
pine  beetle  (No.  1)  in  Idaho,  Oregon,  and  California  (Webb,  1906), 
and  by  the  mountain  pine  beetle  (No.  9)  in  Wyoming,  Montana, 
Idaho,  Oregon,  Utah,  and  California  noted  in  the  present  paper. 

CHARACTER  AND  EXTENT  OF  DEPREDATIONS. 

Living  healthy  trees  are  attacked  by  swarms  of  the  adult  beetles, 
which  enter  the  bark  on  the  main  trunk  and  excavate  their  egg 
galleries  for  a  distance  of  a  foot  or  more  through  the  inner,  living 
bark.  This  weakens  the  vitality  of  the  tree,  and  in  addition  the 
larva?  hatching  from  the  eggs  mine  through  and  destroy  the  bark 
intervening  between  the  egg  galleries,  thus  completely  girdling  the 
trees  and  causing  their  death.  The  amount  of  timber  killed  in 
this  manner  during  the  past  century  has  been  enormous.  That 
known  to  have  been  killed  by  these  beetles  in  West  Virginia,  New 
England,  and  the  Black  Hills  National  Forest  alone  amounts  to  many 
billions  of  feet  of  the  best  pine  and  spruce,  to  say  nothing  of  the 
less  conspicuous  depredations  each  year  scattered  through  the 
forested  sections  of  the  Rocky  Mountain,  Cascade,  Sierra,  and  Coast 
regions,  and  of  the  Southern  States.  Very  conclusive  evidence  has 
also  been  found  that  some  of  the  great  denuded  areas  in  the  Rocky 
Mountains  region  supposed  to  have  been  caused  by  forest  fires  were 
primarily  caused  by  one  or  more  species  of  Dendroctonus.  From 
our  present  knowledge  of  the  facts  and  evidence  it  is  probable 
that  if  the  timber  destroyed  by  these  insects  in  the  United  States 
(luring  the  past  fifty  years  were  hving  to-day  its  stumpage  value 
would  be  more  than  $1,000,000,000. 

POSSIBILmES  OF  CONTROL. 

The  results  of  our  investigations,  experiments,  and  practical 
demonstrations  make  it  clear  that  wherever  private  forests  or  State 
or  National  forests  are  under  organized  management  for  fire  pro- 
tection and  economic  utilization  the  control  of  these  insects  is  often 
a  less  difficult  and  less  expensive  problem  than  that  of  controlling 
forest  fires.  In  fact,  wherever  there  is  a  sufficient  demand  for  the 
timber,  and  where  facilities  for  the  utilization  of  the  trunks  of  the 
infested  trees  within  a  specified  time  exist,  the  desired  control  may 
often  be  brought  about  and  maintained  practically  without  cost 
or  even  at  a  profit,  especially  if  the  action  be  taken  before  the  depre- 
dators have  spread  over  extensiv(»  areas. 
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If,  when  first  discovered,  the  depredations  of  the  beetles  have 
already  involved  an  extensive  area,  or  if  they  are  neglected  until  a 
large  percentage  of  the  timber  is  killed,  their  artificial  control  will 
be  as  difficult  and  expensive  as  that  of  a  neglected  forest  fire.  Further- 
more, if  the  depredations  occur  in  an  inaccessible  section  of  the 
forest  or  where  the  conditions  as  to  labor  and  other  faciHties  are 
unfavorable  for  necessary  action,  nothing  more  can  be  done  toward 
the  control  of  the  beetles  than  under  the  same  conditions  in  con- 
trolling a  fire.  But  with  the  rapid  extension  of  modem  forest 
management,  lumbering  operations,  and  working  plans  into  the 
principal  public  and  private  forests,  and  especially  with  the  adoption 
of  fire-control  regulations  under  an  organization  of  fire  patrols  and 
rangers,  there  will  be  no  excuse  for  neglecting  the  insects. 

THE  BEETLE  PBOBUSM  AS  IHPOBTANT  AS  THE  FUtE  PBOBLEH. 

In  certain  sections  of  the  country  and  in  certain  National  Forests 
where  the  more  destructive  species  of  beetles  are  present  and  a 
constant  menace  to  the  standing  timber,  the  beetle  problem  is 
undoubtedly  as  important  as  the  forest-fire  problem,  and  therefore 
demands  the  adoption  and  organization  of  beetle-control  work,  which, 
with  little  or  no  additional  force  and  equipment,  can  be  conducted  by 
fire  patrols  and  forest  rangers. 

The  evidence  of  destructive  beetle  work  is  not  quite  as  distinct 
as  is  the  evidence  of  fire,  and  can  not  be  seen  quite  so  far,  but  a 
clump  of  yellow-top  or  red-top  trees  can  be  seen  for  a  long  distance, 
and  upon  closer  inspection  the  pitch  tubes  and  boring  dust  on  and 
around  the  trunks  of  living  trees  are  sufficient  danger  signals  to 
demand  that  the  required  action  be  taken  to  prevent  widespread 
depredations. 

There  is  one  great  advantage  in  the  requirements  for  successful 
beetle  control  over  those  for  .fire  control,  viz,  there  is  usually  a  period 
of  six  to  ten  months  in  which  to  utilize  or  otherwise  dispose  of  the 
affected  timber  to  destroy  the  broods  of  beetles  in  the  bark,  while 
a  fire  requires  immediate  attention. 

DISTINCTIVE  CHABACTEBS  OF  THE  aENXTS.a 

The  beetles  of  the  genus  Dendroctonus  (see  figs.  1,  2,  3,  etc.)  are 
distinguished  in  the  adult  stage  by  their  cylindrical,  somewhat 
elongate  to  stout  bodies,  broad  and  prominent  heads,  nearly  round 
to  oblong-oval  and  transversely  placed  eyes  behind  the  base  of 
each  antenna,  the  last  with  an  elongate,  clublike  basal  joint  (scape) 
followed  by  5  short  joints  (funicle)  and  terminated  by  a  broad  club 
which  is  thickened  at  the  base  and  flattened  toward  the  apex,  and 

a  See  also  Technical  Series  No.  17,  Part  1,  for  technical  descriptions  of  genus,  species, 
etc. 
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has  three  to  four  closely  connected  jomts  defined  by  curved  lines. 
The  front  of  the  head  has  a  distmct  middle  elevation  toward  the 
base  of  the  mandibles,  called  the  epistomal  process  (see  figs.  2,  3). 
The  pronotum  is  slightly  more  than  half  to  slightly  less  than  half 
as  long  as  the  elytra,  which  have  fine  to  coarse  rugosities  between 
rows  of  obscure  to  distinct  punctures. 

The  diagram,  Plate  I,  gives  the  technical  and  common  names  of 
the  beetles  of  the  genus,  and  shows  how  the  different  species  fall  into 
natural  primary  and  minor  divisions  according  to  certain  structural 
characters  and  peculiar  habits. 

ADULT   CHARACTERS. 

In  the  species  of  Division  I  the  pronotum  is  somewhat  elongate  and 
as  broad  as  the  elytra,  and  in  those  of  Division  II  the  pronotum  is 
shorter  and  is  usually  narrower  than  the  elytra. 

In  species  1  to  8  (subdivision  A)  the  body  is  somewhat  slender, 
and  the  pronotum  is  but  slightly  narrowed  toward  the  head,  .which 
in  all  but  species  3  (comprising  subsection  h^)  has  a  frontal  groove 
and  two  frontal  elevations.  In  species  1  and  2  (section  a*)  the  elytra 
are  without  long  hairs,  while  in  species  3  to  8  (section  a')  there  are 
long  hairs  toward  and  on  the  declivity. 

In  species  9  to  11  (subdivision  B)  the  body  is  stouter  and  the 
pronotum  is  distinctly  narrowed  toward  the  head,  which  is  without 
frontal  groove  or  elevations.  In  species  9  and  10  the  punctures  of 
the  pronotum  are  moderately  coarse  and  deep,  while  in  species  11 
they  are  shallow  and  usually  fine,  with  the  surface  more  shining. 

In  species  12  to  21  (subdivision  C)  the  punctures  of  the  pronotum 
are  of  irregular  size,  while  in  species  22  and  23  (subdivision  D) 
they  are  regular. 

In  species  12  and  13  (section  a^)  the  striss  of  the  elytral  declivity 
are  deeply  impressed,  and  the  interspaces  are  convex,  while  in 
species  14  to  21  (section  a*)  the  striss  are  but  slightly  or  not  at  all 
impressed  and  the  interspaces  are  flat  or  but  slightly  convex.  In 
species  14  to  19  the  striae  of  the  elytral  dechvity  have  obscure  to 
fine  punctures,  while  in  species  20  and  21  the  strial  punctures  are 
coarse  and  distinct.  Species  22  and  23  are  easily  distinguished  by 
their  large  size,  evenly  punctured  pronotum,  which  is  subelongate  and 
almost  as  broad  as  the  elytra,  and  by  the  very  large  and  prominent 
head. 

EXTERNAL   SEXUAL   CHARACTERS. 

In  species  1  to  8  (subdivision  A)  the  females  are  distinguished  by 
a  transverse,  rather  broad,  elevated  ridge  across  the  pronotum  near 
the  anterior  margin,  moderately  broad  head,  and  moderately  large 
mandibles.     The  males  are  without  the  transverse  ridge  across  the 
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Fig.  2.— The  red  turpentine  beetle.    Adult,  yentral  aspect,  greatly  enlarged:  a.  Stemellar  area.    (Author's 

illustration.) 
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pronotum;  but  the  frontal  groove  and  tubercles  are  usually  more  dis- 
tinct, the  head  broader,  and  the  mandibles  stouter. 

In  species  9  to  11  (subdivision  B)  the  females  have  the  declivity  of 
the  elytra  somewhat  flattened  and  shining  and  the  interspaces  with 


Fk;.  :i.— The  red  turpentine  beetle.   Adult,  lateral  aspect,  greatly  enlarged:  a.  Pleural  clavirula: 
5.  pregena.    { Author's  Illustration. ) 

small  granules  and  sometimes  punctured.  In  the  male^  the  declivity 
is  more  convex,  the  interspaces  have  coarser  granules,  the  head  is 
broader,  and  the  mandibles  are  stouter. 
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In  species  12  to  21  (subdivision  C)  the  sexes  are  easily  distinguished ' 
by  the  difFerences  in  the  decUvity  of  the  elytra.  In  the  females  the 
striae  are  more  distinctly  impressed  and  the  interspaces  more  convex 
and  roughened.  In  the  males  the  striai  are  much  less  or  not  at  all 
impressed  and  the  interspaces  are  shining,  smooth,  and  often 
punctured. 

In  species  12  and  13  (section  a')  the  strise  are  deeply  impressed 
in  both  sexes;  but  in  species  14  to  21  (section  a*)  they  are  rarely 
impressed  in  the  males. 

In  species  22  and  23  (subdivision  D)  the  sexes  are  less  distinctly 
defined  by  external  characters.  In  the  females  the  antennal  club  is 
broader,  stouter,  and  more  compressed;  the  head  is  narrower  and  the 
mandibles  are  smaller,  while  the  reverse  is  true  in  the  males. 

THE    EGG. 

The  eggs  of  the  majority  of  the  species  have  been  observed  and 
apparently  show  no  diiTerences  except  in  relative  size,  corresponding 
with  the  size  of  the  adults.  They  are  slightly  oblong,  rounded  at  the 
ends,  pearly  white,  and  shining. 

THE   LARVA. 

The  larva  (fig.  4)  is  a  stout,  cylindrical,  yellowish-white,  footless 
grub  with  a  yellowish  shining  head.  The  body  is  deeply  and  closely 
wrinkled,  as  shown  in  the  figure. 

In  species  1  to  11  the  dorsal  surface  of  the  8th  and  9th  abdominal 
segments  are  smooth,  without  chitinous  plates,  and  the  ventral  pro- 
thoracic  lobes  are  more  or  less  prominent. 

In  species  1  and  2  the  front  is  without  a  median  elevation. 

In  species  3  to  7  the  front  has  a  more  or  less  rounded  convex 
elevation. 

In  species  9  to  11  the  front  has  a  transverse  roughened  elevation, 
slightly  more  elevated  toward  the  sides. 

In  species  12  and  13  the  dorsal  surface  of  the  8th  and  9th  abdominal 
segments  is  without  chitinous  plates. 

In  species  14  to  23  one  or  both  have  distinct  plates. 

In  species  14,  15,  17,  and  19  the  8th  and  9th  abdominal  plates  are 
without  prominent  spines.  The  frontal  elevation,  when  present,  is 
transverse. 

The  larvae  of  species  16  to  18  and  19  have  not  been  observed. 

Species  21  has  a  roughened  plate  on  the  9th  segment,  but  none  on 
the  8th. 

In  species  12  the  front  is  without  a  median  elevation,  but  in  spe- 
cies 13  there  is  a  distinct  transverse,  rugose,  median  elevation,  more 
elevated  toward  the  sides. 
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In  species  14,  15,  and  19  the  front  has  a  transverse  elevation,  but 
in  17  it  is  absent  or  indistinct. 

In  species  22  and  23  the  dorsal  plates  of  the  8th  and  9th  segments 
have  prominent  spines,  and  the  front  of  the  head  is  without  elevations. 
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THE    PUPA. 


The  pupa  (fig.  5)  is  of  the  general  color  of  the  larva,  but  is  of  the 
general  form  and  size  of  the  adult,  with  the  legs  and  wing  pads  folded 
beneath  the  body  and  the  abdominal  segments  exposed.  The  9th 
s^ment  has  two  prominent  fleshy  spines,  and  the  other  segments  are 
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with  or  without  dorsal,  lateral,  and  pleural  spines,  which  vary  in  size 
among  the  different  species  from  very  smooth  to  quite  coarse  and 
prominent. 

In  species  1  to  5  and  8  to  11  the  vertex  or  front  of  the  head  is 
grooved,  with  prominent  or  small  fleshy  spines  situated  at  each  side 
of  the  groove. 

The  pupae  of  species  6  and  7  have  not  been  observed. 

In  species  1  to  5  and  species  8  the  elytral  pads  are  smooth  and  the 
abdominal  segments  have  small  lateral  spines  or  tubercles. 

In  species  1  and  2  the  vertex  of  the  head  is  faintly  grooved,  the 
spines  are  small  and  widely  separated,  and  the  front  and  middle 
femora  are  without  apical  spines  or  granules. 

In  species  3  the  vertex  is  faintly  grooved,  the  spines  are  very  small, 
and  the  front  and  middle  femora  have  apical  granules. 

In  species  4,  5,  and  8  the  vertex  is  broadly  grooved,  the  spines  are 
moderately  small  and  widely  separated,  and  the  front  and  middle 
femora  have  small  apical  tubercles. 

In  species  9,  10,  and  11  the  elytral  pads  are  roughened,  with 
sparsely  placed  granules.  The  head  has  the  vertex  deeply  grooved 
and  the  spines  prominent,  and  the  abdominal  segments  have  very 
long  lateral  spines.  In  species  9  and  11  the  front  and  middle  femora 
have  two  apical  spines  each,  while  in  species  10  they  have  one  each. 

In  species  12  to  23  the  vertex  is  either  faintly  impressed  or  convex, 
with  an  acute  granule  at  each  side  and  one  or  two  on  each  side  on  the 
front.  The  elytral  pads  are  smooth,  and  the  abdomen  has  more  or 
less  prominent  lateral  spines. 

In  species  12  and  13  the  vertex  of  the  head  is  faintly  impressed  or 
grooved,  and  the  front  and  middle  femora  are  without  granules  or 
spines. 

In  species  14  to  23,  so  far  as  observed,  the  vertex  is  convex,  and 
the  femora  have  small  apical  granules. 

EGG    GALLERIES,    LARVAL   MINES,    AND    PUPAL   CELLS. 

(See  figures  of  work.) 

In  species  1  to  11  the  egg  galleries  are  winding  to  straight,  with 
individual  larval  mines  concealed  or  exposed  in  inner  bark  and  with 
the  pupal  cells  either  in  the  outer  or  in  the  inner  bark. 

In  species  1  to  8  the  egg  galleries  are  winding,  nearly  transverse  to 
oblique;  the  larval  mines  short,  not  in  groups;  and  the  pupal  cells 
are  in  the  outer  bark.  In  species  1,  2,  5,  6,  7,  and  8  the  larval  mines 
are  concealed,  while  in  species  3  and  4  they  are  exposed  in  the  inner 
bark. 

In  species  9  to  1 1  the  egg  galleries  are  longitudinal,  slightly  wind- 
ing to  straight.     The  larval  mines  are  short  and  usually  in  groups. 
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and  both  the  pupal  cells  and  larval  mines  are  exposed  in  the  inner 
bark. 

In  species  12  to  23,  so  far  as  observed,  the  egg  galleries  are  longitu- 
dinal, straight  to  slightly  winding,  with  the  larval  mines  either  in 
groups  or  connected,  or  they  form  a  broad  common  chamber,  and 
all  are  exposed  in  the  inner  bark.     The  pupal  cells  are  located  at  the 


-ABDOMEN 
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end  of  the  larval  mines  or  in  the  larval  chambers  and  are  usually 
exposed. 

In  species  12  to  13  the  egg  galleries  are  straight  or  slightly  winding, 
sometimes  branched,  the  larval  mines  are  in  groups  and  exposed  in 
the  inner  bark,  and  the  pupal  cells  are  exposed  or  concealed. 
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In  species  12  and  13  the  egg  galleries  are  long,  longitudinal,  straight, 
or  sUghtly  winding,  sometimes  branched,  and  moderately  broad ;  the 
larval  mines  are  long,  indei>endent  of  each  other  from  the  start, 
winding,  and  more  or  less  regular. 

In  species  14  to  21,  so  far-as  observed,  the  egg  galleries  are  broad, 
moderately  long,  straight,  irregularly  branched  at  terminals,  and 
usually  with  an  inner  gallery  through  the  packed  borings  of  the 
finished  egg  galleries;  the  larval  mines  are  long,  connected  toward 
the  egg  gallery,  independent  and  irregular,  or  forming  a  broad  larval 
chamber. 

In  species  14,  15,  and  17  the  larval  mines  are  connected  toward 
the  egg  gallery  and  separated  toward  the  middle  and  outer  ends. 

In  species  19  and  20  the  larvae  excavate  a  conmion  or  social  cham- 
ber, sometimes  with  independent  mines  extending  from  the  edges. 

In  species  22  and  23  the  egg  galleries  are  broad  to  very  broad, 
short  to  very  long,  and  straight  or  sUghtly  winding,  and  the  larval 
mines  form  very  large  common  chambers,  with  the  pupal  cells  in  the 
chamber  or  at  the  ends  of  short  independent  mines  extending  from 
the  edge  of  the  chamber. 

DISTRIBUTION. 

The  distribution  of  the  species  of  Division  I  is  from  the  South 
Atlantic  States  to  Mexico  and  Central  America,  and  northward  into 
the  Rocky,  Sierra  Nevada,  and  Cascade  mountains  to  British 
Columbia. 

Species  1  occupies  the  region  of  the  western  yellow  pine  west  of 
western  Montana  and  southern  Idaho,  southward  to  Santa  Barbara 
County,  Cal.,  while  species  2  occupies  the  Rocky  Mountains  region 
south  of  central  Colorado  and  central  Utah,  into  southern  California 
and  northern  Mexico. 

Species  3,  5,  and  8  occupy  practically  the  same  region  as  species  2, 
while  species  4  occupies  the  region  of  yellow  pine,  loblolly  pine,  and 
longleaf  pine  south  of  Pennsylvania  and  westward  into  Texas,  and 
species  6  and  7  occupy  the  pine  regions  of  the  mountains  of  southern 
Mexico. 

Species  9  occupies  the  region  of  silver  pine,  lodgepole  pine,  and 
sugar  pine  north  of  Colorado  and  Utah  and  westward  into  the  Sierra 
Nevada  and  Cascade  mountains. 

Species  10  occupies  the  region  of  the  Rocky  Mountain  variety  of 
the  western  yellow  pine  and  limber  pine  above  an  altitude  of  6,000 
feet,  from  western  South  Dakota  southward  through  Wyoming, 
Colorado,  and  Utah  to  southern  New  Mexico  and  Arizona,  while 
species  11  occupies  the  Jeffrey-pine  region  from  the  mountains  of 
San  Bernardino  County,  Cal.,  to  northern  CaHfomia,  and  probably 
into  Oregon. 
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The  species  of  Division  II  range  from  Guatemala  northward  to 
Alaska,  eastward  to  the  Atlantic  coast,  and  across  northern  Europe 
and  Russia  into  Siberia. 

Species  12  occupies  the  regions  and  sections  of  eastern  larch  from 
northwestern  West  Virginia,  northward  and  westward,  while  species 
13  occupies  the  region  of  the  Douglas  fir,  bigcone  fir,  and  western 
larch  from  southern  New  Mexico  and  Arizona  to  Ventura  County, 
Cal.,  and  northward  into  British  Columbia. 

Species  14  occupies  the  region  of  red  spruce  from  the  high  moun- 
tains of  Pennsylvania  northward  and  from  New  Brunswick  to  north- 
western Michigan,  and  probably  northwestward  to  the  100th  meridian. 

Species  15  occupies  the  region  of  Engelmann  spruce  from  the  white 
spruce  in  western  South  Dakota  westward,  and  north  of  southern 
New  Mexico. 

Species  16  occupies  the  white-spruce  region  in  Alaska,  and  species 
17  the  Sitka-spruce  region  from  southern  Oregon  to  Sitka. 

Species  18  occupies  the  Lake  Superior  region;  species  19  the  region 
of  lodgepole  pine  from  central  Colorado  northward  probably  into 
British  Columbia;  species  20  the  regions  of  red  spruce  from  the  moun- 
tains of  West  Virginia  into  New  York;  while  species  21  occupies  the 
spruce  and  pine  regions  north  of  central  Europe  in  Denmark  and 
through  Russia  to  eastern  Siberia. 

Species  22  occupies  the  region  of  pitch  pine,  Virginia  pine,  yellow 
pine,  loblolly  pine,  and  longleaf  pine  from  Long  Island,  New  York, 
east  of  the  Allegheny  Mountains,  southward  to  Florida  and  Texas, 
and  west  of  the  mountains  from  the  Little  Kanawha  River  probably 
through  Kentucky  and  Tennessee,  while  species  23  occupies  the 
regions  of  pine  timber  from  the  Atlantic  to  the  Pacific  north  of  the 
South  Atlantic  and  Gulf  States  and  south  into  the  mountains  of 
Guatemala.     Species  24  is  described  from  Guatemala. 

The  distribution  maps  (figs.  11,  14,  17,  etc.)  show  the  known  and 
probable  ranges  of  each  species,  the  known  range  being  indicated 
by  large  dots  and  the  probable  range  by  small  dots. 

The  distribution  of  the  genus  is  shown  on  a  map  of  the  world 
(PI.  II.) 

HOST  TREES. 

In  Division  I  the  species  confine  their  attack  to  pine  and  spruce, 
but  principally  to  the  pines. 

Species  1  confines  its  attack  to  the  western  yellow  and  sugar  pine, 
and  is  a  destructive  enemy  of  both.  Species  2  attacks  the  western 
yellow  pine,  but,  so  far  as  observed,  is  much  less  destructive  than  its 
northern  and  western  neighbor.  It  has  also  been  found  in  the  Doug- 
las fir,  but  this  is  evidently  an  abnormal  habit. 
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Species  3,  5,  and  8  are  usually  associated  with  No.  2  in  the  western 
yellow  pine,  but  none  of  them  has  been  especially  destructive,  al- 
though independently  or  collectively  they  are  capable  of  being  so. 
Species  4  attacks  all  of  the  pines  and  spruces  within  its  range,  and 
while  it  caused  widespread  devastation  in  its  northern  range  during 
1891  and  1892  its  destruction  of  timber  within  its  southern  range, 
so  far  as  observed,  is  comparatively  moderate. 

The  species  of  subdivision  B  are  the  most  destructive  insect  enemies 
of  western  pine  forests.  Species  9  attacks  the  western  white  pine, 
silver  pine,  sugar  pine,  lodgepole  pine,  and  western  yellow  pine,  and 
is  exceedingly  destructive  in  certain  locaUties  throughout  its  range, 
especially  to  the  silver  pine,  sugar  pine,  and  lodgepole  pine.  Species 
10  attacks  the  Rocky  Mountain  variety  of  the  western  yellow  pine, 
limber  pine,  white  spruce,  and  Engelmann  spruce,  but  confines 
itself  principally  to  the  yellow  pine  and  is  exceedingly  destructive, 
as  has  been  conclusively  demonstrated  in  the  Black  Hills  Forest 
Reserve  of  South  Dakota  and  in  numerous  localities  in  Colorado. 
Species  11  attacks  the  Jeffrey  pine  and  western  yellow  pine,  but 
principally  the  former,  to  which  it  is  quite  destructive. 

The  species  of  Division  II  attack  pines,  spruces,  larches,  and 
Douglas  fir,  and  some  of  the  species  are  very  destructive  to  living 
timber. 

Species  12  confines  its  attack  to  the  eastern  larch.  There  is  no 
positive  evidence  that  it  is  primarily  destructive  to  Uving  timber, 
but  it  evidently  contributes  to  the  death  of  trees  defoliated  by  the 
larch  worm.  Species  13  confines  its  attack  principally  to  the  Douglas 
fir,  but  is  also  found  in  the  bigcone  spruce  and  western  larch.  In 
the  northwestern  section  of  its  range  this  species  is  not  especially 
destructive,  but  in  its  eastern  and  southern  range  it  is  very  destruc- 
tive to  the  Douglas  fir. 

Species,  14  attacks  the  red  spruce,  black  spruce,  and  white  spruce, 
and  from  time  to  time  during  the  past  century  it  has  been  exceed- 
ingly destructive  to  the  red  spruce  in  Maine  and  New  Brunswick. 
Species  15  attacks  the  Engelmann  and  evidently  the  other  spruces  of 
the  Rocky  Mountain  region.  There  is  conclusive  evidence  that  it 
has  caused  widespread  devastation  of  matured  spruce  during  the 
past  fifty  years,  and  it  is  now  quite  aggressive  in  some  localities. 
Species  16  has  been  found  in  the  white  spruce,  but  nothing  more  is 
known  of  its  habits.  Species  17  attacks  the  Sitka  spruce,  but  there 
are  no  records  to  indicate  that  it  has  been  primarily  destructive  to 
living  timber.  Species  18  lives  in  the  white  pine,  but  nothing  further 
is  known  of  its  habits.  Species  19  attacks  living  lodgepole  pine  and 
Engelmann  spruce,  but  it  is  not  known  whether  or  not  it  is  primarily 
destructive.  Species  20  was  found  in  the  living  bark  on  a  red-spruce 
stump  in  West  Virginia,  which  is  all  that  is  known  of  its  habits. 
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Species  21  is  recorded  as  attacking  spruce  and  pine  principally,  and 
as  sometimes  attacking  larch,  and  fir  (Abies),  and  is  recognized  as  a 
destructive  enemy. 

Species  22  attacks  the  different  species  of  pine  within  its  range  and 
has  also  been  found  in  spruce.  It  is  sometimes  destructive  to  living 
trees,  but  more  often  is  simply  injurious  to  the  base  of  the  trunks  in 
causing  basal  scars.  Species  23  attacks  all  of  the  pines  and  is  some- 
times found  in  spruce  and  larch.  It  rarely  causes  the  death  of  trees 
but  causes  serious  damage  to  the  base  of  living  trees,  resulting  in  the 
common  defect  known  as  basal  scars  and  fire  wounds. 

EVIDENCES  OF  ATTACK. 

In  all  of  the  species  the  first  evidence  of  attack  on  living  trees  is 
the  presence  of  pitch  tubes  on  the  trunks,  mixed  with  reddish  bor- 
ings, or  the  presence  of  reddish  boring  dust  in  the  loose  bark  and 
around  the  base  of  the  trees.  .  Later  the  fading,  yellowish,  or  re<ldish 
condition  of  the  foliage  is  conspicuous  evidence  of  the  barkbeetles* 
destructive  work. 

Successful  attacks  by  species  1  to  8  are  followed  by  a  rapid  death 
of  the  trees.  The  leaves  fade  in  a  month  or  two  and  turn  yellow  and 
reddish  before  winter.  Successful  attacks  by  species  9  to  11  are  fol- 
lowed by  a  slow  death  of  the  trees.  While  the  trees  attacked  during 
the  summer  will  have  the  bark  on  the  trunks  killed,  the  leaves  will 
not  turn  yellow  until  the  following  May. 

Attacks  by  species  12  and  13  are  not  as  a  rule  indicated  by  pitch 
tubes,  but  the  reddish  boring  dust  in  the  crevices  of  the  bark,  in  the 
loose  bark,  and  around  the  base  of  the  trunk  of  Douglas  fir  or  larch 
is  quite  conclusive  evidence  of  their  presence.  Douglas  fir  attacked 
in  the  summer  will  have  the  leaves  fading  and  turning  pinkish  in  the 
fall  and  winter,  and  reddish  in  the  spring.  The  leaves  on  the  larch 
probably  fall  before  they  fade,  although  some  of  them  may  remain 
on  the  trees  after  the  normal  time  for  them  to  fall. 

In  species  14  and  15,  pitch  tubes  and  red  boring  dust,  mixed  with 
resin,  on  the  trunk  and  around  the  base,  are  evidences  of  attack. 
The  trees  attacked  in  the  early  summer  will  shed  their  green  needles 
before  fall.  Those  attacked  later  in  the  summer  will  have  the  bark 
on  the  trunks  killed  before  winter,  but  the  leaves  may  remain  green 
until  growth  starts  in  the  spring,  when  they  will  fall.  Thus  in  May 
and  June  one  often  finds  the  ground  beneath  the  infested  trees 
covered  with  the  green  needles.  After  the  leaves  have  fallen  the 
bare  twigs  will  cause  the  tops  of  infested  trees  to  present  a  reddish 
appearance. 

Species  18  to  20  appear  to  confine  their  attack  to  or  toward  the 
base  of  the  trees,  where  large  pitch  or  gum  tubes  are  formed,  indi- 
cating their  presence.  In  Europe,  species  21  sometimes  attacks  the 
89535— Bull.  83,  pt  1—09 3 
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trunk  at  points  some  distance  above  the  base,  where  the  large  pitch 
or  gum  tubes  indicate  their  presence. 

Species  22  and  23  nearly  always  attack  the  base  of  the  trees,  where 
the  very  large  pitch  tubes  and  masses  of  pitch  indicate  their  work. 
When  the  main  trunk  is  infested  by  these  species  to  a  sufficient  extent 
to  kill  the  trees,  the  evidence  of  infestation  is  found  in  the  large 
pitch  tubes  and  yellow  foliage  of  the  dying  trees. 

SEASONAL  HISTORY. 

The  important  features  in  the  seasonal  history  of  these  beetles  are 
the  hibernation  or  overwintering  of  the  broods,  the  beginning  of 
activity  in  the  spring,  the  emergence  and  flight  of  the  adults,  the 
beginning  and  ending  of  the  period  of  principal  attack,  the  period  of 
larval  development,  the  principal  period  of  transformation  from  the 
larvae  to  the  pupie  and  adults,  the  beginning  and  ending  of  the  period 
of  emergence,  and  the  number  of  generations  annually. 

Certain  features  in  the  seasonal  history  of  all  of  the  species  are 
similar,  but  as  a  rule  each  species  or  series  of  closely  related  ones 
has  peculiarities  which  are  more  or  less  distinctive.  A  knowledge  of 
these  facts,  therefore,  is  of  prime  importance  as  a  basis  for  advice 
relating  to  the  exact  species  involved  in  a  given  trouble  and  the 
successful  methods  of  control. 

The  broods  of  all  of  the  species  pass  the  winter  as  adults  and 
larvae  in  the  bark  of  the  trees,  logs,  or  stumps  attacked  during  the 
preceding  spring,  summer,  or  fall.  All  excavate  galleries  through  the 
inner  living  bark  in  which  to  deposit  eggs,  and  the  larvae  of  all  feed 
on  the  inner  bark;  all  become  more  or  less  active  as  soon  as  the 
weather  conditions  are  favorable  in  the  spring,  especially  the  larvae 
and  overwintered  parent  adults,  the  former  extending  their  larval 
mines  and  the  latter  their  egg  galleries.  The  principal  differences 
in  seasonal  history  are  brought  out  in  the  following  references  to 
the  general  features  of  the  different  species  and  in  the  detailed  dis- 
cussion under  each  species  farther  on. 

In  species  1  and  2,  under  average  conditions,  there  is  one  complete 
generation  and  a  partial  second  during  the  season  of  activity. 

In  species  1  the  first  attack  is  made  during  the  last  week  in  June 
and  first  week  in  July,  and  the  more  advanced  broods  develop  and 
begin  to  emerge  about  the  last  of  August,  but  are  not  all  out  before 
cold  weather.  The  first  eggs  of  the  second  generation  are  deposited 
about  the  first  of  September,  but  the  broods  do  not  develop  beyond 
the  larval  stage  before  hibernation  begins  in  October.  In  species  2 
the  seasonal  history  is  practically  the  same  as  in  species  1,  except 
that  the  attack  and  subsequent  stages  begin  a  month  earlier.  The 
attack  begins  during  the  last  of  May,  and  the  advanced  broods  begin 
to  emei^e  during  the  latter  part  of  July. 
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In  species  3  there  is  but  one  generation  annually  in  the  more 
advanced  broods,  while  the  more  retarded  ones  may  pass  through 
two  winters  before  they  complete  their  development  and  emerge. 
The  adults  begin  to  emerge,  attack  other  trees,  and  deposit  eggs 
toward  the  last  of  June,  but  the  broods  do  not  develop  before  hiber- 
nation begins  in  the  fall. 

Species  4  has  two  or  three  generations  annually  in  its  northern 
range.  In  the  intermediate  range,  represented  by  Tryon,  N.  C,  there 
are  three  or  four  generations,  while  in  the  more  southern  range  there 
may  possibly  be  five  generations,  with  activity  continuing  during  the 
warmer  days  of  winter.  Under  average  conditions  the  first  attack 
is  made  about  the  middle  of  May,  and  under  favorable  conditions  the 
resulting  brood  develops  to  adults  and  emerges  in  about  sixty  days. 

Species  5  evidently  has  a  seasonal  history  similar  to  species  2 

In  species  8  there  is  but  one  generation  annually.  The  attack 
begins  in  June,  and  the  broods  do  not  emerge  until  the  following  June 
to  August,  or  later. 

In  species  9, 10,  and  11  there  is  but  one  generation  annually,  and  the 
seasonal  history  of  each  is  quite  similar  to  that  of  the  others.  The 
first  attack  is  made  during  the  last  week  in  July  or  first  week  in 
August,  and  the  broods  do  not  develop  and  emerge  until  the  following 
July  and  August. 

In  species  12  and  13  there  is  a  single  generation  annually.  The 
first  attack  is  made  in  April  to  May,  and  the  broods  emerge  the  fol- 
lowing April  to  July. 

In  species  14  and  15  there  is  but  one  generation  annually.  The 
first  attack  is  made  in  June,  and  the  broods  do  not  emerge  until  the 
following  June  to  August.  In  species  17  the  attack  begins  a  month 
earlier.  In  the  European  species  (No.  21)  the  first  attack  is  made 
in  May  and  June,  and  the  broods  emerge  the  following  May  to  August. 

In  species  22  and  23  there  is  but  one  generation  annually.  The 
attack  is  made  during  the  first  warm  days  in  March  to  April,  and  the 
broods  emerge  the  following  March  to  September,  or  later. 

INFLUENCES   OF   LATITUDE   AND   ALTITUDE   ON    SEASONAL   HISTORY. 

The  beginning  and  ending  of  the  hibernating  period  vary  somewhat 
among  the  different  species,  and  in  each  species  there  is  considerable 
difference  at  different  latitudes  and  altitudes  within  its  range. 
Within  the  area  of  a  given  State  or  section  of  the  country  this  differ- 
ence in  the  beginning  or  ending  of  a  given  period  in  the  seasonal  his- 
tory of  a  species  can  be  estimated  after  the  date  of  beginning  is  deter- 
mined for  a  given  season  in  a  given  locality.  In  the  spring  of  a  given 
year  the  average  difference  in  the  time  of  beginning  activity;  emer- 
gence, flight,  attack,  etc.,  at  the  same  altitude,  will  not  vary  much 
from  four  days  later  for  each  degree  north,  or  four  days  earlier  for 
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each  degree  south,  while  at  the  same  latitude  there  will  be  a  difference 
of  about  four  days  for  each  400  feet  difference  in  altitude — four  days 
later  for  each  400  feet  higher,  and  four  days  earlier  for  each  400  feet 
lower.  Thus  a  difference  of  7i  degrees  of  latitude  at  the  same  eleva- 
tion would  mean  a  difference  of  about  thirty  days  in  the  beginning 
of  activity  or  any  other  event,  depending  on  a  given  average  tem- 
perature, while  a  difference  of  3,000  feet  in  altitude  at  the  same 
degree  of  latitude  would  cause  an  equal  difference  in  these  phenolog- 
ical  events. 

In  the  fall  of  the  year  the  beginning  of  hibernation  and  other  events 
will  be  earlier  northward  and  later  southward  at  localities  of  the 
same  elevation,  or  earlier  at  higher  altitudes  and  later  at  lower  alti- 
tudes in  the  same  latitude. 

Of  course  there  are  exceptions  to  these  rules,  especially  in  regions 
like  that  of  California,  where  remarkably  abnormal  conditions  as  to 
influence  of  altitude  and  latitude  prevail,  as  also  in  the  case  of  southern 
and  northern  exposures,  sandy  dry  soils,  and  wet  clayey  soils  or  bogs. 
In  such  cases  the  estimates  must  be  corrected  so  as  to  allow  for  three 
or  four  days  later  for  the  beginning  of  activity,  etc.,  under  average 
colder  conditions,  or  three  or  four  days  earlier  for  average  warmer 
conditions.  The  best  indication  of  the  rate  of  difference  between  two 
localities  is  found  in  the  average  difference  in  the  dates  of  opening 
of  the  buds  or  flowers  of  some  indigenous  species  of  forest  trees  com- 
mon to  both  localities,  and  especially  of  a  species  of  conifer  subject 
to  the  attack  of  a  given  Dendroctonus  beetle. 

A  knowledge  of  the  facts  relating  to  this  principle  is  of  especial 
importance  as  a  basis  for  recommending  or  executing  beetle-control 
policies,  since  success  depends  largely  on  a  Tcnowledge  of  the  proper 
time  to  begin  and  end  certain  timber-cvMing  or  barJcing  operOrtUms  for 
the  destruction  of  the  broods  of  the  beetles. 

When,  as  is  usually  the  case,  the  seasonal-history  data  have  been 
collected  at  different  latitudes  and  altitudes  within  the  range  of  the 
species,  the  discussion  under  each  species  is  based  on  a  probable 
average.  But  when  the  data  have  been  collected  in  one  locality  the 
discussion  relates  to  that  locality,  and  the  probable  differences  are  esti- 
mated for  other  localities.  While  there  is  yet  much  to  be  determined 
in  regard  to  the  rate  of  difference  between  different  localities  at  the 
same  latitude  or  elevation  in  the  same  region  and- the  influence  which 
different  latitudes  and  altitudes  exert  on  different  species,  suflBcient 
evidence  is  at  hand  regarding  some  of  the  species  of  this  genus  and  the 
regions  occupied  by  them  to  warrant  certain  preliminary  conclusions 
as  a  basis  for  action  and  further  study. 
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HABITS. 
HABITS   OF  PARENT  ADULTS  AND  OF  IMMATURE   STAGES. 

All  of  the  species  of  Dendroctonus  will  breed  to  a  greater  or  less 
extent  in  the  living  and  dying  bark  of  stumps  and  logs,  and  in  injured 
and  weakened  trees.  Some  of  them  show  a  preference  for  trees  in 
weakened  condition,  while  others  show  a  preference  for  healthy  trees. 
AU  of  those  studiedy  however j  have  demonstrated  their  ability  to  attack 
healthy  trees  and  kill  them  whenever  the  individuals  of  a  species  occur 
in  sufficient  numbers  to  overcome  the  resistance  of  the  tree.  The  habit  of 
swarming,  or  of  congregating  in  one  locality  and  concentrating 
their  attack  on  groups  of  trees  within  a  forest,  is  one  of  the  more 
striking  features  in  the  habits  of  these  beetles.  The  part  of  a  tree 
selected  for  the  attack  varies  somewhat  in  the  different  subdivisions 
of  the  genus.  The  species  that  are  more  destructive  to  the  life  of  a 
tree  attack  the  middle  to  upper  portion  of  the  trunk,  while  those 
that  are  less  destructive  attack  the  trunk  toward  the  base,  or  even 
at  the  roots.  The  beetles'  power  to  resist  the  repelling  effects  of  the 
resin  that  flows  into  the  freshly  excavated  entrances  and  galleries 
in  the  living  bark  and  to  dispose  of  it  by  forming  pitch  tubes  at  the 
entrances  is  most  remarkable.  This  alone  demonstrates  the  ability 
of  these  insects  to  overcome  the  resistance  exerted  by  a  living,  healthy 
tree.  The  manner  of  excavating  the  egg  galleries  and  the  directions 
followed  in  their  extension  are  quite  different  among  the  several 
species  and  have  a  different  effect  on  the  tree.  The  almost  transverse, 
very  winding,  and  closely  arranged  galleries  of  species  1, 2, 4, 5,  and  6 
serve  to  quickly  girdle  and  kill  the  trees,  while  the  straight,  longitu- 
dinal course  and  parallel  arrangement  of  those  of  species  9,  10,  11,  13, 
and  14  result  in  a  much  slower,  but  none  the  less  certain,  death  of 
the  tree. 

RELATION   OF   HABITS   TO   SUCCESSFUL   CONTROL. 

The  habits  of  the  broods  of  larvse  are  of  special  importance  in  indi- 
cating methods  of  control. 

In  subdivision  A  the  larvse  of  species  1,  2,  5,  6,  7,  and  8  excavate 
their  larval  mines  through  the  middle  layers  of  the  inner  bark,  so 
that  they  are  rarely  exposed  in  the  inner  bark.  Those  of  species  3 
and  4  are  exposed,  but  in  all  of  the  species  of  subdivision  A  the 
transformations  from  the  larvae  to  the  pupee  and  adults  are  almost 
entirely  in  the  outer  corky  bark,  so  that  in  order  to  destroy  the  broods 
of  the  species  of  this  subdivision  the  simple  removal  of  the  bark  is  not 
suflBcient;  it  must  be  burned  or  otherwise  destroyed. 

In  the  species  of  subdivisions  B,  C,  and  D  the  larvae  excavate  their 
mines  in  the  inner  layers  of  bark  and  also  transform  to  pupae  and 
adults  in  the  inner  bark,  so  that  when  the  bark  is  removed  from  the 
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tree  they  are  exposed  to  the  frost  or  sun  and  drying  winds,  which  is 
suflScient  to  kill  them,  without  the  necessity  of  burning  the  bark. 

It  will  be  seen  from  the  foregoing  that  the  periods  in  which  control 
operations  must  be  conducted  are  indicated  by  the  habits  and  seasonal 
history  of  the  species  involved.  In  general,  the  work  should  be  done 
between  the  beginning  of  hibernation  in  the  fall  and  the  beginning 
of  activity  in  the  spring,  but  in  the  case  of  certain  species  in  which 
there  are  one  or  more  complete  generations  within  the  season  of 
activity,  such  as  species  1,  2,  and  4,  it  may  be  desirable  under  certain 
conditions  to  dispose  of  the  infested  trees  during  the  summer,  as 
well  as  during  the  winter,  especially  during  the  principal  development 
and  summer  activity  of  the  first  generation  of  larvaB.  In  the  case 
of  species  9, 10,  and  11,  the  operations  may  be  continued  after  activity 
begins  in  the  spring  until  late  in  June  or  the  first  of  July. 

SECONDABY  INJUBIES  TO  THE  TREES. 

Some  of  the  losses  resulting  from  secondary  injuries  or  destruc- 
tion may  be  mentioned  in  this  connection.  One  of  these  which  affects 
the  commercial  value  of  the  beetle-killed  trees  is  the  bluing  of  the 
sapwood.  This,  according  to  Dr,  Hermann  von  Schrenk,  is  due  to 
a  fungus  which  finds  its  way  into  the  wounds  and  galleries  made  by 
the  beetles  and  rapidly  penetrates  the  sapwood  to  the  heartwood, 
causing  at  first  bluish  strealffi  and  later  a  uniform  bluish-gray  appear- 
ance of  the  wood.  This  bluing  condition,  especially  in  pine  trees 
infested  with  species  9  to  11,  often  prevails  long  before  the  leaves 
of  the  beetle-infested  trees  show  evidence  of  decline  or  death. 

Other  secondary  losses  consist  in  abnormal  decay  of  the  sapwood 
and  heartwood,  but  the  greatest  losses  of  this  class  may  come  from 
forest  fires  started  in  the  beetle-killed  timber,  which  may  not  only 
complete  the  destruction  of  the  old  dead  and  the  newly  infested  tim- 
ber, but  also  spread  into  the  healthy  forests.  But  there  is  one 
redeeming  feature  in  the  destruction  of  the  beetle-infested  timber  by 
fire,  and  that  is  the  widespread  destruction  of  the  beetles  in  the 
infested  trees,  thus  preventing  the  rapid  extension  of  their  ravages 
which  would  otherwise  occur. 

FAVORABLE  AND  XTNFAVOBABLB  CONDITIONS  FOB  THE  BEETLES. 

It  is  quite  necessary  that  we  should  have  some  general  and  detailed 
information  in  regard  to  the  influences  upon  the  beetles  of  climate, 
fires,  etc.,  and  how  certain  methods  and  practices  in  the  manage- 
ment of  a  forest,  or  in  utilizing  its  resources,  contribute  to  the  miil- 
tiplication  of  the  destructive  enemies  of  the  living  timber,  and  how 
certain  other  methods  may  contribute  to  their  reduction  or  destruc- 
tion.    There  is  considerable  difference  in  this  respect  between  dif- 
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ferent  sections  of  the  country  and  between  different  species  of 
Dendroctonus,  as  mentioned  under  the  more  detailed  discussion  of 
the  several  species. 

CLIMATIC   INFLUENCES. 
DROUGHT. 

It  is  the  common  impression  that  the  death  of  pine  and  spruce 
timber  in  certain  sections  of  the  Rocky  Mountain  region  is  primarily 
due  to  a  weakened  condition  resulting  from  drought  and  that  the 
work  of  the  insects  is  secondary.  Under  the  influence  of  exceptionally 
severe  drought  during  several  successive  seasons  this  may  be  true  to 
a  very  limited  extent,  but  our  observations  lead  us  to  conclude  that 
drought  does  not  offer  specially  favorable  conditions  for  the  multi- 
plication and  destructive  work  of  barkbeetles.  In  fact,  the  reverse  is 
more  likely  to  be  the  rule,  since  exceptionally  dry  conditions  appear 
to  be  more  unfavorable  for  the  development  of  the  beetles  than 
humid  conditions.  The  only  exception  we  have  noted  in  which  injury 
is  greater  in  dry  sections  than  humid  ones  is  that  of  the  Douglas  fir. 
In  the  more  southern  range  of  this  tree,  where  the  normal  dry  char- 
acter of  the  climate  and  soil  prevails,  it  suffers  more  from  the  Douglas 
fir  beetle  (No.  13)  than  it  does  in  the  Northwest,  where,  under  moist 
conditions  and  rich  soil,  the  tree  reaches  its  best  development.  This 
beetle  is  very  abundant  in  the  Northwest,  yet  as  a  rule  it  confines  its 
attack  to  the  felled  and  injured  timber  and  rarely  attacks  the  healthy 
trees.  On  the  other  hand,  the  western  yellow  pine  suffers  more 
severely  in  the  humid  sections  than  it  does  in  the  more  arid  ones,  as 
demonstrated  by  the  work  of  the  Black  Hills  beetle  (No.  10),  which 
is  widely  distributed  over  the  eastern  section  of  the  Rocky  Mountain 
region,  yet  has  been  far  more  aggressive  and  destructive  in  the  Black 
Hills  National  Forest  than  in  the  much  drier  sections  in  southern 
Colorado  and  northern  New  Mexico  and  Arizona,  and  has  continued 
its  depredations  in  the  Black  Hills  unabated  through  excessively  wet 
as  well  as  excessively  dry  seasons. 

The  western  pine  beetle  (No.  1)  is  far  more  abundant  and  destruc- 
tive in  the  northern  and  more  moist  climate  of  the  mountains  of 
Idaho,  Oregon,  and  California  than  is  its  near  relative,  the  south- 
western pine  beetle  (No.  2)  in  the  drier  forested  areas  of  New  Mexico 
and  Arizona.  The  mountain  pine  beetle  (No.  9)  is  exceedingly 
destructive  to  the  lodgepole  pine  at  high  altitudes  and  under  espe- 
cially moist  conditions.  The  same  may  be  said  of  the  eastern  spruce 
beetle  and  the  Engelmann  spruce  beetle.  It  is  evident,  therefore, 
that  drought  is  not  an  important  factor  in  contributing  to  the  multi- 
plication or  destructiveness  of  this  class  of  enemies. 
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LOW  TEMPERATURE   AND   SNOW. 


While  the  severe  cold  at  the  high  elevations  in  which  most  of  the 
western  species  prevail  appears  to  have  no  detrimental  effect  on  the 
overwintering  broods,  we  have  a  striking  example  of  its  effect  on  a 
northern  migration  of  a  southern  species,  in  the  complete  extermina- 
tion of  the  southern  pine  beetle  (No.  4)  in  the  Virginias  by  the  excep- 
tionally cold  winter  of  1902-3.  On  the  other  hand,  snows,  when 
suflSciently  heavy  to  break  down  a  large  amount  of  timber,  might 
offer  favorable  conditions  for  the  multiplication  of  some  of  the  species 
like  the  western  pine  beetle,  the  mountain  pine  beetle,  and  the 
Douglas  fir  beetle. 


LIGHTNING. 


In  certain  sections  of  the  country  where  a  great  many  pine  and 
spruce  trees  are  struck  by  lightning  during  the  summer  months  these 
trees  furnish  exceptionally  favorable  conditions  for  the  perpetuation 
and  multiplication  of  the  pine  and  spruce  beetles.  Although  the 
constant  supply  of  such  trees  furnishes  also  favorable  conditions  for 
the  multiplication  and  perpetuation  of  the  natural  enemies  of  the 
destructive  beetles  (insects  and  birds),  these  enemies  are  frequently 
not  sufficiently  numerous  to  serve  as  a  natural  chepk,  and  the  hving 
timber  is  attacked  by  the  broods  of  beetles  which  develop  in  the 
lightning-struck  trees.  This  is  especially  true  in  the  Southern  States, 
where  a  pine  tree  struck  by  lightning  attracts  the  beetles  to  the  spot, 
and  they  not  only  enter  the  injured  tree  but  attack  and  kill  a  number 
of  those  surrounding  it. 

WINDSTORMS. 

Whenever  a  windstorm  occurring  during  the  period  from  June  to 
August  is  sufficiently  severe  to  fell  and  break  a  large  amount  of  pine 
and  spruce,  favorable  conditions  may  be  presented  for  the  multipli- 
cation of  certain  of  the  destructive  beetles,  provided  they  are  present 
in  the  locality  in  sufficient  numbers  to  infest  the  felled  timber.  This 
has  been  demonstrated  from  time  to  time  in  Europe,  where  beetles 
with  much  less  aggressive  habits  than  the  Dendroctonus  beetles  have, 
it  is  said,  been  thus  enabled  to  multiply  to  suflBcient  numbers  to 
attack  and  kill  the  living  timber  and  cause  serious  extension  of 
their  depredations  into  the  healthy  forest. 

OTHER    INFLUENCES    AND    CONDITIONS. 

FOREST   FIRES. 

While  some  of  the  species  find  favorable  conditions  for  their  multi- 
plication in  fire-scorched  trees,  others,  Hke  the  Black  Hills  beetle, 
appear  to  prefer  the  uninjured  trees.  This  is  due,  perhaps,  to  the 
fact  that  if  a  fire  be  sufficiently  severe  to  kill  large  pine  trees,  the  bark 
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on  the  lower  and  middle  trunk  is  so  scorched  and  killed  that  the 
beetles  can  not  live  in  it.  Spruce,  however,  may  be  killed  or  weak- 
ened from  injuries  to  the  base  and  roots  by  a  surface  fire,  and  thus  offer 
especially  favorable  conditions  for  the  multipUcation  of  the  spruce 
beetles.  On  the  other  hand,  a  forest  fire  in  a  forest  in  which  the 
majority  of  the  trees  are  infested  by  broods  of  beetles  and  dying 
from  their  injuries  may  contribute  to  the  destruction  of  the  insects 
and  the  protection  of  the  remaining  living  timber. 

MATURED  TIMBER. 

Practically  all  of  the  more  destructive  species  show  a  decided  pref- 
erence for  the  larger  and  best-matured  trees,  and  as  a  rule  these  ^re 
killed  first,  and  the  yoimger  timber  is  not  attacked  until  later,  if  at  all. 
This  is  particularly  true  of  the  spruce  beetles  (Nos.  14  and  15),  the 
southern  pine  beetle  in  the  East  and  South,  the  western  pine  beetle, 
and  the  mountain  pine  beetle  of  the  West. 

COMMERCIAL  CUTTING. 

The  cutting  of  living  timber  for  commercial  purposes  may  offer 
favorable  conditions  for  the  multiplication  of  some  of  the  species, 
like  the  Douglas  fir  beetle  and  western  pine  beetle,  but  if  such  cut- 
ting, within  a  range  of  less  than  50  square  miles,  is  more  or  less 
continuous,  it  appears  to  serve  as  a  protection  to  the  living  timber 
rather  than  otherwise.  On  the  other  hand,  local  sporadic  cutting 
may  bring  about  more  or  less  serious  results.  Some  species,  like 
the  Black  Hills  beetle,  are  evidently  not  attracted  from  the  living 
trees  by  cutting  operations,  while  the  southern  pine  beetle  in  the 
Southern  States  is  greatly  favored  by  sporadic  cutting,  especially  if 
carried  on  during  the  summer  months. 

SUMMER  CUTTING. 

The  cutting  of  healthy  trees,  or  even  of  living  beetle-infested 
trees,  dining  June,  July,  and  August,  in  a  forest  or  section  where 
the  southern  pine  beetle,  the  western  pine  beetle,  the  mountain  pine 
beetle,  or  even  the  Black  Hills  beetle,  is  present,  is  more  or  less 
objectionable  from  the  fact  that  the  beetles  are  attracted  by  the 
odor  of  the  exposed  bark  and  wood  and  often  attack  many  healthy 
trees  in  the  immediate  vicinity  of  the  felled  ones. 

WINTER  CUTTING. 

When  any  of  the  more  destructive  beetles  are  present  in  a  forest 
it  is  important  that  the  principal  timber-cutting  operations  should 
be  carried  on  dining  the  late  fall  and  winter  months,  and  completed 
in  the  spring  before  the  beetles  begin  to  fly.  This  is  especially 
important  when  there  is  a  large  amount  of  infested  timber  to  be 
utilized,  because  it  is  necessary  to  remove  the  bark  from  the  trunks 
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of  such  trees  or  convert  them  into  lumber  and  bum  the  slabs  before 
the  insects  begin  to  emerge.  Winter  cutting  of  living,  healthy  tim- 
ber is  much  to  be  preferred  when  species  with  a  single  generation, 
like  the  moimtain  pine  beetle,  Douglas  fir  beetle,  or  the  spruce  beetles, 
are  present,  because  during  the  following  siunmer  the  stumps  and 
slash  will  serve  to  attract  the  beetles  away  from  the  living  trees. 
And  since  the  broods  would  remain  in  the  bark  during  the  following 
winter  they  can  then  be  destroyed  by  burning  the  slash  any  time 
during  the  following  fall  or  winter.  In  the  Southeast  and  in  the 
Rocky  Moimtain  region,  however,  when  species  with  more  than  one 
generation  annually  are  present,  it  may  be  necessary  to  bum  the 
winter  slash  before  the  first  of  July,  to  destroy  the  broods  of  the 
first  generation  which  develop  from  eggs  deposited  dming  May  or 
June. 

NATUBAL  ENEMIES  OF  THE  BEETLES. 

Were  it  not  for  the  natiu*al  checks  and  control  of  some  of  the 
insect  enemies  of  forest  trees,  the  destruction  of  the  forests  would 
evidently  be  far  more  continuous  and  complete,  but  imder  the 
existing  warfare  between  the  trees  and  the  destructive  beetles  and 
between  the  beetles  and  their  own  enemies,  a  more  or  less  balanced 
condition  in  nature  is  preserved,  so  that  it  is  only  under  exceptional 
conditions  that  a  species  of  tree  or  a  species  of  insect  is  extermi- 
nated. 

INSECTS. 

The  insect  enemies  of  the  destructive  beetles  consist  of  parasites, 
predators,  and  robbers.  The  parasites  are  small  wasplike  insects.** 
The  adults  lay  their  eggs  on,  in,  or  near  the  beetle  larvae,  and  the 
minute  maggotlike  larvae  of  the  parasite,  situated  either  internally 
or  externally,  feed  on  the  body  fluids  and  thus  cause  the  death  of 
their  victims.  When  the  parasite  larva  reaches  its  full  development 
it  either  changes  to  a  free  pupa  in  the  mine  of  its  victim  or  makes 
a  cocoon  in  which  it  goes  through  its  transformation.  Therefore 
the  presence  of  certain  of  the  parasitic  enemies  of  the  beetle  larvae 
is  indicated  by  the  presence  of  their  cocoons  in  the  mines,  even  after 
their  victims  have  been  destroyed  and  they  themselves  have  emerged. 

The  principal  predators  consist  of  certain  adult  beetles  and  their 
larvae''  (see  fig.  32),  the  adults  often  feeding  on  the  adults  of  the 
destructive  beetles  before  or  after  they  enter  the  bark,  and  the 
Jarvae  feeding  on  the  broods  of  the  beetle  larvae  in  the  bark. 

There  is  another  class  of  predatory  enemies  of  the  beetles  among 
the  true  bugs,<^  which  follow  the  beetles  and  larvae  into  their  galleries 

a  Order  Hymenoptera,  families  Braconidae,  Chalcididse,  etc. 

&  Order  Coleoptera,  families  Cleridse,  Histeridse,  Trogositidse,  Colydiidae,  etc. 

c  Family  Anthocoridae.'' 
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and  mines,  and  kill  their  victims  by  inserting  their  beaks  into  their 
bodies. 

The  so-called  robbers  (see  fig.  30)  consist  of  large  bark-boring 
grubs  or  larvae  of  long-homed  beetles,"  which  sometimes  rob  the 
barkbeetle  larva?  of  their  food  supply  or  kill  them  outright,  by 
destroying  the  inner  bark  before  the  broods  of  barkbeetles  have 
completed  their  development.  These,  however,  do  not  occur  so 
commonly  with  the  more  destructive  barkbeetles  as  with  those 
which,  like  the  bark-boring  grubs,  are  in  the  bark  as  the  result,  and 
not  the  caiise,  of  the  dying  condition  of  the  tree. 

While  some  of  the  Dendroctonus  beetles  have  numerous  insect 
enemies,  others  have  comparatively  few.  Some  of  the  smaller  species, 
like  the  southern  pine  beetle,  which  often  occupy  the  thin  bark  on  the 
upper  portion  of  the  trunk  and  branches  of  the  larger  trees,  and 
sometimes  on  young  trees,  have  many  parasitic  enemies,  while  others 
of  the  small  species,  as  1,  2,  and  5,  and  the  larger  species,  such  as  the 
Black  Hills  beetle  and  the  Douglas  fir  beetle,  which  usually  occupy 
the  thick  bark,  have  none  at  all,  or  very  few. 

So  far  as  determined,  the  southern  pine  beetle  has  1 1  parasitic  and 
about  an  equal  number  of  predatory  enemies;  the  eastern  spruce 
beetle  has  5  parasitic  and  4  predatory  enemies,  and  the  eastern  larch 
beetle  6  parasitic  and  2  predatory  enemies.  Of  the  western  species 
the  mountain  pine  beetle  is  the  only  one  on  which  a  parasite  has  been 
found,  but  there  are  four  or  five  predators  common  to  all,  which  evi- 
dently exert  quite  an  important  influence  in  protecting  the  forests  of 
some  sections.  With  a  little  assistance  on  the  part  of  the  owner  of 
the  forest,  this  class  of  beneficial  insects  will  exert  a  much  more  power- 
ful influence  in  preserving  a  desirable  balance  among  the  contending 
forces,  and  thus  prevent  destructive  outbreaks  of  the  beetles.  This 
balanced  condition  appears  to  prevail  at  the  present  time  within  the 
range  of  the  southern  pine  beetle,  and  with  proper  attention  to  local 
outbreaks  of  the  beetles  it  could  be  maintained.  However,  this  whole 
subject  of  parasites  and  predatory  enemies  of  forest  insects  and  their 
economic  relations  is  one  which  has  not  as  yet  received  the  attention 
it  deserves.  Mr.  Fiske  gave  the  matter  considerable  attention  during 
his  field  work  in  forest  insect  investigations,  but  his  detail  to  another 
branch  of  the  Bureau  prevented  him  from  continuing  it. 

BIRDS. 

Wherever  the  Dendroctonus  beetles  have  been  found  in  standing 
timber  the  work  of  woodpeckers  has  been  more  or  less  common,  and  in 
some  trees  quite  a  large  percentage  of  the  beetle  broods  has  been 
destroyed  by  the  birds.     The  evidence  gathered  in  Maine  a  few  years 

«  Family  Cerambycidae. 


Digitized  by  VjOOQ IC 


28  THE  SCOLYTID  BEETLES. 

ago  indicates  quite  conclusively  that  the  birds  were  rendering  a  most 
valuable  service  as  a  natural  check  to  the  multiplication  and  destruc- 
tive work  of  the  eastern  spruce  beetle.  The  work  of  birds  is  common 
in  sections  where  species  1,  9,  and  10  and  other  western  species  are 
prevalent.  Yet  birds  evidently  render  the  greatest  service  where  but 
few  trees  are  being  killed,  since  their  concentrated  work  may  prevent 
an  abnormal  increase  of  the  beetles;  but  where  many  hundreds  or 
thousands  of  trees  are  being  killed,  the  limited  number  of  birds  can 
have  little  or  no  effect.  Therefore,  while  the  birds  are  among  the 
foresters*  valuable  friends,  they  can  not,  even  with  the  utmost  pro- 
tection, always  be  relied  upon  to  protect  the  forest  from  its  insect 
enemies.  We  must  remember  that  there  are  most  complex  interre- 
lations between  birds,  the  injurious  insects,  the  beneficial  insects,  the 
enemies  of  the  birds,  etc.,  which  do  not  always  result  in  benefit  to  the 
forest.  In  fact  it  is  often  quite  the  reverse.  Therefore,  in  order  for 
the  forester  or  owner  of  the  forest  to  derive  the  greatest  benefit  from 
the  conflict,  he  must  not  only  direct  his  efforts  toward  utilizing  as  far 
as  possible  the  natural  factors  which  are  contributing  to  his  personal 
interests,  but  whenever  the  enemies  of  the  forest  threaten  to  get 
beyond  natural  control  he  must  enter  the  fight  and  by  radical  artificial 
means  force  them  back  to  their  normal  defensive  position. 

DISEASES   OF  THE    INSECTS. 

While  evidence  has  frequently  been  found  of  the  work  of  fungous  or 
bacterial  diseases  in  destroying  the  adults  and  immature  stages  of  the 
beetles,  the  matter  will  require  detailed  study  by  specialists  on  such 
diseases  before  any  definite  conclusions  can  be  formed  in  regard  to 
their  economic  relations  or  importance. 

DISEASES    OF  THE   TREES. 

Evidence  has  been  found  from  time  to  time  that  the  primary  cause 
of  the  death  of  isolated  large  and  small  trees  and  saplings  was  some 
fungous  disease  of  the  roots  and  base  of  the  stem,  and  that  the  larger 
trees  so  affected  sometimes  favored  the  multiplication  of  a  destructive 
insect  enemy.  Evidence  has  also  been  found  that  certain  diseases  of 
the  inner  bark  and  sap  wood,  like  the  bluing  fungus  studied  by  Dr.  Her- 
mann von  Schrenk,**  are  sometimes  very  injurious  and  destructive  to 
the  developing  broods  of  the  beetles.  It  is  also  apparent  that  this 
fungus,  which  is  said  to  depend  largely  on  the  wounds  made  by  the 
beetles  in  finding  its  way  into  the  living  bark  and  sapwood  of  the 
standing  timber,  may  also  contribute  to  the  more  rapid  and  certain 

a  The  "Bluing"  and  the  "Red-Rot"  of  the  Western  Yellow  Pine,  with  Special 
Reference  to  the  Black  Hills  Forest  Reserve.  By  Hermann  von  Schrenk.  Bui.  36, 
Bureau  of  Plant  Industry,  1903. 
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death  of  the  trees.  Therefore  this  interrelation  between  plant  dis- 
eases and  insects  must  often  be  considered  in  our  efforts  to  locate  the 
primary  cause  of  a  trouble. 

It  has  been  conclusively  determined,  however,  that  when  the  heetles 
occur  in  sufficient  numbers,  they  are  entirely  independent  of  the  aid  of 
other  factors  or  the  influence  of  their  enemies,  and  thai  they  attack  and 
JciU  perfectly  healthy  timber  over  extensive  areas. 

SECOND ABY  ENEMIES  OF  THE  TBEES,  AND  DEPENDENTS,  GUESTS, 
ETC.,  OF  THE  DESTBX7CTIVE  BEETLES. 

As  soon  as  the  attack  of  one  of  the  destructive  beetles  causes  a 
weakened  or  dying  condition  of  a  tree,  such  a  tree  becomes  at  once  the 
breeding  place  of  many  other  species  of  barkbeeties  and  bark  and 
wood  boring  grubs  which  can  not  attack  healthy  trees.  These  sec- 
ondary enemies  of  a  tree  are  dependent  on  the  more  aggressive  Den- 
droctonus  beetles  or  on  other  factors  that  may  cause  a  similar  weak- 
ened or  dying  condition  of  the  trees.  Some  of  them  render  special 
service  to  the  destructive  beetles  by  attacking  the  twigs,  the  branches, 
and  the  unoccupied  bark  on  the  upper  and  lower  portions  of  the  trunk, 
and  thus  aid  in  bringing  about  the  certain  death  of  the  tree.  There 
are  some  insects  which  live  in  the  galleries  with  the  adult  beetles,  in 
the  relation  of  guests,  others  as  scavengers,  etc.,  so  that  it  is  always 
important  to  distinguish  which  are  the  real  primary  enemies,  which 
are  secondary,  which  are  beneficial,  and  which  are  neutral  in  their 
relation  to  an  affected  tree. 

GENERAL  METHODS  OF  CONTROL. 

While  the  subject  of  control  is  treated  under  the  special  discussion 
of  each  species,  there  are  some  general  principles  and  features  which 
should  be  mentioned  in  this  connection,  especially  such  as  relate  to 
the  infestations  of  standing  timber  by  the  broods  of  the  destructive 
beetles. 

HABITS  AND  SEASONAL  HISTORY  AS  SUGGESTING  METHODS  OP  CONTROL. 

Any  systematic  plan  or  method  for  the  destruction  and  control  of 
these  beetles,  in  order  to  be  least  expensive  and  most  successful, 
must  be  based  on  a  knowledge  of  the  habits  and  seasonal  history 
and  many  other  essential  features  relating  to  the  particular  species, 
or  group  of  aUied  species,  involved  in  a  given  problem.  The  principal 
facts  of  importance  in  this  connection  are  as  follows:  (a)  It  is  the 
normal  habit  of  all  of  the  species  to  infest  the  bark  on  the  main 
trunk  of  the  larger  to  medium  sized  trees;  (6)  in  all  species  the  devel- 
oping broods  of  larvse  Hve  in  the  inner  bark;  (c)  some  of  the  species, 
as  in  subdivision  A,  enter  the  outer  dry  bark  to  transform  to  adults, 


Digitized  by  VjOOQ IC 


30  THE  SCOLYTID  BEETLES. 

while  others,  as  in  subdivisions  B,  C,  and  D,  transform  in  the 
inner  bark;  (d)  the  broods  of  all  of  the  species  pass  the  winter  in 
the  bark  of  the  infested  trees  and  remain  there  until  they  develop 
to  the  winged  stage,  when  they  leave  the  then  dying  or  dead  trees 
to  fly  and  attack  the  living  ones;  (e)  the  developed  broods  of  beetles 
usually  emerge  from  the  trees  before  the  leaves  are  all  dead,  or  cer- 
tainly by  the  time  the  leaves  have  all  changed  to  the  reddish-brown 
color  and  begin  to  fall  or  have  entirely  fallen  from  the  branches. 
(See  fig.  25.) 

DESTRUCTION   OF  THE   BROODS. 

Since  the  trunk  of  the  tree  is  the  principal  part  of  attack,  we  have 
only  to  direct  our  efforts  to  the  infested  bark  on  the  main  trunk,  and 
adopt  the  method  of  killing  the  broods  which,  under  local  conditions 
and  facilities,  is  the  most  practicable  and  efficient. 

In  species  1  to  8  removing  the  infested  bark,  and  burning  or 
otherwise  destroying  it,  is  necessary  to  kill  the  developed  broods  of 
larvae,  pupae,  and  adults  which  may  be  located  in  the  outer  bark. 

In  species  9  to  23  the  removal  of  the  infested  bark  without  burn- 
ing is  all  that  is  necessar3^  The  time  to  do  the  work  in  both  cases 
is  from  the  time  activity  ceases  in  the  fall  until  two  or  three  weeks 
before  the  normal  time  for  the  winged  adults  to  begin  to  emerge 
and  fly. 

BARKING  THE  STANDING  TREES  TO  KILL  THE  BROODS. 

The  bark  may  be  removed  from  the  standing  trees  by  means  of 
suitable  tools  (see  figs.  57,  58),  and  the  trees  left  until  it  is  convenient 
to  fell  and  utilize  them.  Thus,  during  the  period  in  which  these 
operations  must  be  done,  the  labor  should  be  directed  exclusively 
to  the  removal  of  bark.  If  necessary,  the  barked  trees  may  be  left 
standing  for  several  years  without  the  value  of  the  wood  becoming 
impaired;  otherwise  their  utihzation  may  immediately  follow  the 
completion  of  the  barking  operations.  Whenever  the  conditions 
are  favorable  for  the  immediate  disposal  or  utilization  of  the  infested 
timber  by  sale,  free  use,  or  otherwise,  the  timber  may  be  barked  as 
it  is  felled  and  the  barked  log  may  be  converted  into  lumber  at  any 
time  during  the  year,  within  the  required  period. 

DESTRUCTION   OF  THE   BROODS    WITHOUT   REMOVING  THE   BARE. 

The  destruction  of  the  broods  without  removing  the  bark  may  be 
accomplished  by  several  diflFerent  methods:  (a)  By  converting  the 
logs  into  lumber  and  burning  the  slabs;  (b)  by  placing  the  logs  in 
water;  (c)  by  piling  the  trunks  and  scorching  the  bark  sufficiently 
to  kill  the  broods;  (d)  by  scoring  the  upper  side  of  the  felled  truntK 
to  allow  the  water  from  rain  or  melting  snow  to  penetrate  the  inner 
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bark  and  thus  destroy  the  broods;  (e)  by  transporting  the  infested 
trunks  a  sufficient  distance  (20  to  50  miles  or  more  away)  from  the 
forest  and  away  from  any  hving  spruce  or  pine,  so  that  the  beetles 
emerging  from  them  will  find  no  trees  to  attack. 

ATTEMPTS  AT  COMPLETE  EXTERMINATION  OF  THE  BEETLES  UNNECES- 
SARY. 

As  a  rule,  it  is  not  only  useless  but  unnecessary  to  attempt  the 
complete  extermination  of  one  or  more  species  of  the  beetles  within  a 
given  forest.  It  is  necessary,  however,  to  so  reduce  and  weaken  their 
forces  that  they  can  not  continue  an  aggressive  attack,  thus  leaving 
them  to  depend  upon  weakened  and  felled  trees  for  their  support 
and  to  occupy  a  defensive  position  against  their  natural  enemies. 

It  must  be  kept  in  mind  that  the  beetles  must  occur  in  great  num- 
bers in  order  i,o  be  successful  in  their  attack  on  healthy  trees.  If 
their  number  is  reduced  and  kept  below  that  required  for  killing 
trees  they  can  do  no  harm.  Therefore  in  the  case  of  a  destructive 
outbreak  it  is  necessary  to  destroy  only  from  50  to  75  per  cent  of 
the  beetles  in  order  to  bring  them  under  complete  control. 

REQUISITES   FOR   SUCCESSFUL   CONTROL. 

The  principal  requisites  for  success  in  dealing  with  these  beetles 
are:  (a)  Prompt  recognition  of  evidences  of  their  presence  before 
they  have  extended  their  depredations  beyond  a  few  scattering 
clumps  or  patches  of  trees;  (6)  positive  identification  of  the  species 
involved;  (c)  prompt  action  in  adopting  the  proper  method  of  con- 
trol; and  (d)  reUance  on  expert  advice  relating  to  the  essential  features 
in  the  habits  and  seasonal  history  of  the  insects,  on  which  the  action 
is  based. 

HOW  TO  CHECK  AND  CONTROL  AN  EXTENSIVE  INVASION. 

If  the  depredations  by  species  9,  10,  13,  14,  or  15  have  spread  over 
a  large  area  and  there  is  yet  a  large  amount  of  Uving  timber  or  adja- 
cent healthy  forests  to  be  protected,  a  careful  survey  should  be  made 
in  September,  October,  or  November,  for  the  purpose  of  locating  the 
areas  and  localities  of  new  infestation  in  which  the  trees  were  attacked 
during  the  summer  and  fall  and  which,  at  the  time  of  survey, 
contain  Uving  broods.  The  areas  of  principal  infestation  and  the 
larger  patches  of  infested  trees  should  be  designated  on  a  map,  and 
estimates  made  of  the  total  amount  or  percentage  of  timber  affected. 
This  will  form  a  basis  for  definite  plans  and  the  organization  and 
equipment  of  a  sufficient  force  to  do  the  required  work  within  the 
specified  time  designated  for  each  species.     Then,  if  regular  logging 
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operations  can  be  directed  and  concentrated  upon  the  principal 
areas  so  that  a  large  percentage  of  the  timber  can  be  cut,  barked, 
or  otherwise  treated  before  the  broods  begin  to  emerge,  the  desired 
control  may  be  effected  with  Uttle  additional  expense,  or  even  at  a 
profit.  If  this  method  can  not  be  adopted,  the  force  should  be 
directed  to  removing  as  large  a  percentage  as  possible  of  the  infested 
bark  from  the  standing  infested  trees  or  from  those  felled  for  that 
purpose.  The  first  work  should  be  done  in  the  principal  areas  and 
larger  patches.  The  work  should  be  planned  and  executed  with 
the  object  of  destroying  the  greatest  possible  number  of  broods  for 
the  time  and  labor  involved ;  that  is,  if  there  are  more  infested  trees 
than  can  be  barked  within  the  specified  time,  and  five  or  six  times 
as  many  insects  can  be  kiUed  by  removing  half  of  the  infested  bark 
from  tluree  or  four  trees  as  could  be  done  in  the  same  time  by  remov- 
ing all  of  the  infested  bark  from  one  tree,  the  former  procedure  is 
far  preferable. 

HOW  TO   CONTROL  A   LDnTED   ATTACK. 

Whenever  it  is  determined  that  one  or  more  species  is  attacking 
and  killing  small  patches  of  timber  in  a  given  locaUty  or  forest  of 
greater  or  less  extent  and  that  the  bark  of  the  Uving  and  djring  trees 
contains  Uving  parent  adults  and  developing  broods,  prompt  and,  if 
necessary,  radical  action  should  be  taken  before  the  adults  begin  to 
emerge  and  fly. 

HOW  TO  MAINTAIN   CONTROL. 

IN   8TATB  AND   NATIONAL  FORESTS. 

In  State  and  National  forests,  and  in  all  other  forests  in  which  there 
is  an  organized  force  of  rangers  and  fire  wardens  or  patrols,  each  oflScer 
should  be  furnished  with  the  necessary  instructions  for  the  location 
of  beetle-infested  trees  and  with  equipment  and  directions  for  taking 
the  necessary  action  whenever  the  conditions  demand  it.  It  has  been 
demonstrated  that  any  intelligent  ranger  or  manager  can  become 
proficient  in  locating  and  marWing  infested  trees  with  comparatively 
little  instruction  in  addition  to  that  already  published  or  conveyed 
in  special  recommendations. 

It  is  not  necessary  that  every  isolated  infested  tree  should  be 
treated,  but  it  is  of  especial  importance  that  all  groups  of  infested 
trees  should  receive  prompt  attention. 

IN   PRIVATE   FORESTS. 

Private  forests  should  receive  the  same  attention  as  reserves,  but 
this  is  often  far  more  difficult  on  account  of  intervening  for^ts,  where 
the  owners  either  can  not  or  will  not  give  the  matter  the  required 
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attention.  While  in  exceptional  cases  it  may  be  advisable  to  have 
laws  ^governing  the  treatment  of  timber  infested  with  a  dangerous 
pest,  such  laws  should  be  based  on  expert  advice  and  should  apply 
to  the  more  extreme  and  well-known  cases  only  as  a  last  resort.  It 
is  probable  that  in  most  cases  legislation  will  not  be  necessary,  and 
that  more  ultimate  good  will  result  without  than  with  such  laws, 
especially  when  it  can  be  made  clear  to  the  owner  that  his  personal 
interests  demand  that  he  take  the  proper  action  and  that  when  nec- 
essary his  neighbors  will  render  assistance,  as  is  done  in  the  case  of 
a  forest  fire. 

INACCESSIBLE   AREAS. 

There  are  yet  large  inaccessible  areas  in  the  East  and  West  where 
it  will  not  be  practicable  or  possible  to  control  the  depredations  by 
these  beetles,  and  which  therefore  must  be  left  to  natural  adjustment. 
While  under  natural  control  the  matured  timber  will  be  lost,  it  will 
usually  be  replaced  by  young  growth,  so  that  under  normal  conditions 
the  forest  will  be  perpetuated.  Under  exceptional  conditions  and 
combinations  of  detrimental  influences,  such  as  insects,  fire,  and 
drought,  extensive  areas  may,  however,  be  completely  denuded,  never 
to  be  reforested  under  natural  conditions.  This  has  doubtless  hap- 
pened in  very  many  denuded  and  bare  areas  in  the  Rocky  Moimtain 
region,  which  were  at  one  time  heavily  forested. 

TRAP-TREE  METHOD  OF  CONTROL. 

The  weU-known  attraction  of  many  species  of  European  barkbeetles 
to  weakened,  dying,  and  felled  trees  suggested  to  some  of  the  earlier 
writers  on  forest  insects  a  method  of  barkbeetle  control  which  since 
that  time  has  been  widely  recommended  and  under  certain  conditions 
and  for  certain  species  of  beetles  has  been  successfully  practiced.  It 
is  the  so-called  trap-tree  method,  in  which  Uving  trees  are  deadened 
or  felled  at  the  proper  time  or  season  to  attract  the  insects  and  induce 
them  to  breed  in  the  bark,  where  they  can  be  easily  destroyed  by 
removing  the  latter  or  burning  the  entire  tree.  Experience  and 
observations  indicate,  however,  that  while  this  method  is  successful 
in  attracting  many  species  of  bark  and  wood  boring  insects  it  does 
not  always  attract  those  which  are  the  most  destructive  to  the  Uving 
trees,  or  at  least  not  in  sufficient  numbers  to  justify  its  general  recom- 
mendation and  adoption. 

Among  the  Dendroctonus  beetles  there  are  a  few  species  which  are 
attracted  to  weakened  and  dying  trees  and  to  the  stumps,  logs,  and 
tops  of  recently  felled  Uving  trees.  These  are  species  1,  2,  4,  12,  13, 
22,  and  23  and,  to  a  more  limited  extent,  species  14  and  15,  but  ex- 
tensive experiments  have  indicated  quite  conclusively  that  the  Black 
Hills  beetle,  the  most  destructive  species  of  aU,  can  not  be  success- 
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fully  attracted  to  trap  trees  and  that  it  actually  prefers  to  attack 
healthy  living  trees. 

The  Moimtain  pine  beetle  is  attracted  to  a  greater  or  less  extent 
to  felled  and  fire-scorched  trees,  but  will  at  the  same  time  attack 
near-by  living  ones,  as  will  all  of  the  other  species.  It  is  therefore 
under  exceptionally  favorable  conditions  only  that  this  method  would 
be  suflSciently  successful  to  warrant  its  adoption  as  a  means  of  con- 
trolling this  class  of  beetles.  These  exceptions  would  be  as  a  rule 
on  a  very  limited  scale,  as  is  referred  to  under  the  special  discussion 
of  some  of  the  species. 

One  of  the  objections  to  the  trap-tree  method  of  combating  the 
Dendroctonus  beetles  is  in  the  fact  that  a  few  living  trees,  deadened 
or  felled  in  the  midst  of  a  healthy  forest  where  the  destructive 
species  are  present  may,  as  has  often  been  demonstrated,  not  only 
attract  the  beetles  to  the  trap  trees  but  to  the  near-by  healthy  trees, 
thus  inducing  instead  of  preventing  a  destructive  outbreak. 

INTBODUCnON   AND   PROTECTION   OF   NATURAL   ENEMIES. 

The  introduction  and  protection  of  natural  enemies  of  these  bark- 
beetles  is  a  subject  of  special  interest  and  one  that  should  receive 
attention  in  the  future,  especially  in  the  line  of  investigations  and 
experiments  to  determine  facts  on  which  to  base  reliable  conclusions. 
In  the  case  of  a  destructive  insect  which  has  been  introduced  from 
another  country  it  is  plain  that  if  its  natural  enemies  did  not  come 
with  it  they  should  be  introduced;  but  with  native  insects  it  is  quite 
a  different  proposition  and  will  require  much  detailed  investigation 
before  the  results  from  transfers  and  introductions  can  be  predicted 
with  any  degree  of  certainty.  The  protection  of  natural  enemies 
already  present  is,  however,  worthy  of  special  consideration.  If,,  for 
example,  certain  parasites  and  predatory  insects  are  abundant  in  the 
bark  of  the  infested  trees  and  certain  methods  of  procediu-e  are 
adopted  for  combathig  the  destructive  beetles  which  will  at  the  same 
time  allow  the  beneficial  insects  to  escape,  it  will  naturally  operate 
against  the  enemy.  But  if,  on  the  other  hand,  the  beneficial  insects 
are  destroyed  along  with  the  destructive  ones  it  may  have  the  oppo- 
site effect. 

The  parasites  usually  attack  the  broods  beneath  the  thinner  bark, 
like  that  toward  the  top  and  on  the  larger  branches  of  the  large  trees 
or  the  trunks  of  the  small  ones.  Therefore,  whenever  the  parasites 
are  common,  it  will  be  best  simply  to  remove  the  infested  thicker 
bark  and  leave  the  thinner  bark  for  the  parasites. 

Burning  the  infested  bark  on  the  trees  or  immediately  after  it  is 
removed  wiQ  destroy  the  beneficial  insects  with  the  injurious  ones, 
but  if  the  bark  be  removed  in  the  early  fall  or  early  spring  and  left 
for  several  days  before  burning  (if  burning  is  necessary),  many  of 
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the  beneficial  insects  will  escape.  Or,  if  it  is  not  necessary  to  bum 
the  bark,  practically  all  will  escape,  and  thus  assist  in  destroying  the 
broods  left  in  the  tops  of  trees  and  those  in  scattering  trees.  It  is 
always  important,  therefore,  to  determine  whether  or  not  the  natural 
enemies  are  present  in  sufficient  niunbers  to  make  it  worth  while  to 
adopt  special  precautions  for  their  protection. 

Y^erever  woodpeckers  are  common  in  a  forest  they  may  aid  greatly 
in  destroying  the  broods  of  barkbeetles  in  the  scattering  clumps  and 
isolated  trees,  especially  if  the  beneficial  insects  are  scarce.  If,  on 
the  other  hand,  the  beneficial  insects  are  common,  the  birds  may 
feed  on  them  and  do  as  much  harm  as  good.  The  protection  of  the 
birds,  however,  should  be  maintained,  because  even  if  they  are  harm- 
ful at  times  they  evidently  more  than  compensate  for  it  in  the  general 
service  they  render  to  the  forest. 

IMPORTANCE   OF   SYSTEBiATIC   FORESTRY. 

After  all,  success  in  the  control  of  these  beetles  and  of  forest  insects 
in  general  depends  more  upon  good  forest  management,  perhaps, 
than  upon  anything  else  relating  to  the  practical  phases  of  the 
problem,  for  without  some  organized  system  of  management  very 
little  can  be  accomplished  toward  the  successful  utilization  of  avail- 
able information  or  methods  of  control.  It  is  equally  true,  however, 
that  unless  the  available  knowledge  relating  to  the  insects  and  the 
principles  of  their  control  is  understood  and  properly  utilized  in 
forest  management  and  liunbering  operations,  nothing  will  be  ac- 
complished, and  the  depredations  and  great  losses  of  valuable  timber 
will  continue. 

SOME  BBSX7LTS  OF  EFFORTS  TO  CONTBOL  BEETIiE  DEPREDA- 
TIONS. 

It  is  only  within  recent  years  that  any  detailed  work  has  been  done 
on  the  forest  insects  of  North  America,  and  the  possibility  of  con- 
trolling their  depredations  is  not  generally  recognized,  even  among 
foresters.  Organized  efforts  and  definite  results  were  not,  therefore, 
to  be  expected,  yet  we  have  a  few  examples  which  may  serve  as 
demonstrations  of  what  can  be  done.  In  1900  the  eastern  spruce 
beetle  was  killing  a  large  amount  of  mature  spruce  in  northwestern 
Maine.  This  was  investigated  and  the  concentration  of  the  logging 
operations  in  the  infested  sections  was  recommended.  This  recom- 
mendation was  adopted,  and  with  little  or  no  additional  expense 
sufficient  numbers  of  the  infested  trees  were  cut  the  first  winter,  and 
the  logs  floated  out  in  the  spring,  to  check  the  ravages  of  the  beetles, 
and,  so  far  as  can  be  learned,  up  to  the  present  time  very  little  timber 
has  since  died  in  that  section  as  the  result  of  insect  attack. 
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In  1905  the  Black  Hills  beetle  was  killing  patches  of  timber  in  the 
vicinity  of  Colorado  Springs  and  Palmer  Lake,  Colorado,  as  it  did 
in  the  beginning  of  the  attack  in  the  Black  Hills  of  South  Dakota,  in 
1897,  but  through  the  efforts  of  the  late  Gen.  William  J.  Palmer  and 
others,  sufficient  niunbers  of  infested  trees  were  felled  and  barked  on 
private  land  and  in  the  adjoining  National  Forest  during  1905  and 
1906  to  destroy  a  large  percentage  of  the  beetles  in  the  entire  vicinity. 
Careful  inspection  during  the  fall  and  winter  of  1906  and  1907  indi- 
cates that  the  pest  is  now  under  complete  control  within  a  radius  of 
some  hundreds  of  square  miles. 

The  successful  control  of  another  serious  outbreak  of  the  Black 
Hills  beetle  in  1906  on  an  extensive  private  estate  in  southern  Colo- 
rado was  effected  through  the  efforts  of  the  owners  in  having  some 
500  infested  trees  felled  and  barked  within  the  necessary  period  to 
destroy  the  broods.  A  large  percentage,  but  not  all,  of  the  infested 
timber  was  thus  treated.  This  was  so  successful  that  not  a  single 
infested  and  dying  tree  could  be  found  when  the  area  was  inspected  in 
1908.  In  this,  as  in  the  other  case,  considerable  imnecessary  expense 
was  involved  in  the  burning  of  the  bark  and  tops,  but  the  utilizable 
timber  was  more  than  enough  to  pay  all  expenses.  It  is  eyident  that 
in  this  case  a  destructive  invasion  was  prevented,  and  that  more  than 
a  million  dollars'  worth  of  timber  was  protected. 

The  most  striking  example  of  success  in  control  of  the  Black 
Hills  beetle  was  reported  in  time  for  mention  in  this  connection. 
Mr.  W.  D.  Edmonston,  a  forest  ranger,  detailed  from  the  Forest 
Service  to  the  Bureau  of  Entomology  to  work  under  the  instruc- 
tions of  the  writer  in  the  location  and  reporting  of  evidences  of 
beetle  infestation  in  the  National  Forests  of  Colorado  and  adjoining 
States,  reported  in  May,  1907,  that  the  pine  timber  was  dying  on  a 
large  estate  not  far  from  Idaho  Springs,  Colorado,  and  the  adjoining 
National  Forest.  He  was  instructed  to  make  more  detailed  examina- 
tions, after  which  he  reported  that  some  65,000  feet  of  timber  on  the 
estate  were  found  to  be  infested  by  the  Black  Hills  beetle,  and  that 
unless  the  ravages  were  checked  at  once  the  timber  not  only  on  this 
estate  but  on  the  adjoining  estates  and  National  Forest  would  be  killed. 
The  owner  of  the  property  was  advised  by  this  bureau  to  take  radical 
action  according  to  a  special  recommendation  and  detailed  instruc- 
tions relating  to  a  necessary  control  policy.  No  action  was  taken, 
however,  before  the  first  of  the  following  July,  and  therefore  not  in 
time  to  prevent  the  beetles  from  swarming  from  the  infested  trees 
and  extending  their  ravages.  In  December,  1907,  Mr.  Edmonston 
was  instructed  to  make  another  examination  of  the  timber,  when  he 
foimd  that  his  prediction  was  being  fulfilled.  He  reported  that  in- 
stead of  65,000  feet  of  infested  timber,  there  was  nearly  four  times 
as  much  timber  involved  in  the  new  infestation,  or  over  250,000  feet. 


Digitized  by  VjOOQ IC 


THE  GENUS  DENDROCTONUS.  37 

The  owner  was  again  notified  in  December,  1907,  of  the  serious  char- 
acter of  the  outbreak,  and  the  suggestion  made  that  if  the  logs  from 
the  infested  trees  were  converted  into  lumber  and  the  slabs  burned 
before  the  next  May,  it  would  result  in  the  protection  of  the  remain- 
ing living  timber.  Immediate  steps  were  then  taken  to  carry  out 
the  original  recommendations.  Mr.  Edmonston  gave  instructions  to 
the  manager  of  the  estate  in  locating  and  marking  the  infested  trees 
and  in  the  essential  features  in  the  methods  of  utilization  to  destroy 
a  sufficient  niunber  of  beetles  to  check  the  infestation,  and  he 
also  marked  infested  timber  on  the  adjoining  estate  and  National 
Forest.  In  May,  1908,  Mr.  Edmonston  reported  that  the  larger 
clumps  of  infested  trees  on  the  estate  had  been  converted  into  liunber 
and  the  slabs  burned,  and  that  those  on  the  adjoining  estate  and 
National  Forest  had  been  cut  and  barked.  In  November,  1908,  Mr. 
Edmonston  was  instructed  to  make  another  inspection  of  the  forest 
on  the  estate  and  surroimding  area,  and  on  December  1  he  reported 
as  follows : 

Nothing  could  be  more  satisfactory  than  the  results  obtained  by  the  cutting  of  the 
infested  timber  on  the  estate.  Your  recommendations  and  instructions  submitted 
to  the  owner,  and  carefully  followed  by  the  manager  of  the  estate,  have  clearly  demon- 
strated that  insect  infestation  can  be  controlled  and  at  no  expense  to  the  owner  of  the 
timber  involved;  in  fact,  a  very  satisfactory  price  was  realized,  resulting  in  a  net 
profit,  I  understand,  of  $5  per  thousand  feet,  board  measure,  on  the  240,000  feet  cut. 
This,  of  course,  does  not  include  the  profit  of  the  milling  operations,  but  for  the  logs 
sold  at  the  mill,  after  deducting  the  expenses  of  cutting  and  logging.  The  sawmill 
was  owned  and  operated  by  an  Idaho  Springs  firm,  and  the  manufactured  article  sold 
in  that  town.  I  spent  six  days  on  the  estate — November  18  to  23.  After  a  very 
thorough  examination  of  the  timber,  I  found  only  three  infested  trees,  isolated 
individuals,  over  a  mile  from  where  the  large  clumps  of  infested  trees  were  cut. 
With  the  exception  of  those  three  trees  there  is  no  new  infestation  on  the  estate.  I 
also  examined  the  adjoining  lands,  but  no  new  infestation  was  observed.  The  infested 
trees  which  1  marked  in  December,  1907,  had  all  been  cut  and  barked.  On  the 
Pike  National  Forest,  contiguous  to  the  first-mentioned  estate,  where,  you  will 
remember,  I  marked  some  clumps  of  infested  trees,  no  new  infestation  was  found — 
not  one  tree.  I  found  that  all  the  infested  trees  1  marked  had  been  cut  and  barked. 
Ranger  Kelso  had  charge  of  this  work,  and  it  has  been  quite  thoroughly  done. 

This  most  gratifying  result  demonstrated  two  important  facts: 
One,  that  a  very  extensive  outbreak  by  one  of  the  Dendroctonus 
beetles  can  be  controlled  without  expense,  and  even  at  a  profit, 
whenever  the  conditions  are  favorable  for  the  utilization  of  the 
infested  timber;  the  other,  that  the  essential  details,  recommenda- 
tions, and  expert  advice  can  be  sucessfuUy  carried  out  by  a  manager 
of  a  private  forest  and  by  the  rangers  of  National  and  State  forests. 
It  also  indicates  quite  conclusively  that  the  widespread  depredations 
in  the  Black  Hills  National  Forest  could  have  been  prevented  with  very 
Uttle  expense  to  the  Government  if  the  matter  had  received  prompt 
attention  in  1901,  when  the  first  investigations  were  made  and  recom- 
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mendations  submitted.  But,  through  the  lack  of  public  appreciation 
of  the  importance  of  the  problem  at  the  time,  and  the  lack  of  sufficient 
authority  and  funds  later,  it  was  allowed  to  extend  beyond  practical 
control,  and  in  consequence  a  large  percentage  of  the  timber  on  the 
entire  National  Forest  has  been  killed. 

DETAILED  INFOB3CATIOK  OK  THE  SPECIES. 

The  discussions  on  the  following  pages  relate  to  more  detailed 
information  on  each  species. 

In  the  first  paragraph,  under  the  English  and  technical  name,  will 
be  found  a  brief  summary  of  the  distinctive  characters  of  the  species, 
its  seasonal  history,  habits,  distribution,  and  evidences  of  attack. 
This  is  to  facilitate  preliminary  identification  by  the  reader,  and  is 
followed  by  a  more  detailed  account  of  the  seasonal  history,  habits, 
and  economic  features  as  a  basis  for  the  recommendations  and  proper 
appUcation  of  methods  of  control,  and  closed  with  references  to  the 
investigations  and  identifications  on  which  the  statements  are  based. 
The  fact  that  the  species  are  discussed  more  or  less  independently 
necessitates  some  repetition  of  statements  relating  to  seasonal  his- 
tory, habits,  and  methods  of  control.  In  view  of  the  fact,  however, 
that  a  bulletin  of  this  kind  is  used  mainly  as  a  reference  work,  in 
gaining  information  on  a  special  insect  or  subject,  as  it  is  required, 
such  repetitions  are  to  a  certain  extent  necessary. 

GENERAL  EXPLANATION  OF  DESCRIPTIVE  AND  OTHER  TERMS. 

While  the  illustrations  will  show  the  parts  designated  by  technical 
or  semitechnical  names,  there  are  other  terms  used  in  the  discussion 
of  seasonal  history,  habits,  etc.,  which  may  need  some  explanation 
for  the  general  reader. 

Brood. — The  term  ''brood"  refers  to  the  progeny  of  a  single  pair, 
or  the  individuals  hatching  from  the  eggs  in  a  single  egg  gallery. 

Generation, — By  a  "generation"  is  meant  all  of  the  broods  that  are 
the  offspring  of  the  adults  of  the  overwintering  broods,  except  the 
overwintered  parent  adults,  which  may  be  parents  of  the  overwin- 
tered broods,  and  also  of  broods  from  eggs  deposited  by  them  in  the 
spring.  Another  exception  is  in  the  retarded  individuals  which  pass 
more  than  one  winter  in  either  the  larval  or  adult  stage. 

All  the  progeny  of  the  overwintered  broods  may  be  said  to  com- 
prise a  complete  generation.  If  all  of  this  progeny  complete  their 
development  between  the  time  the  first  eggs  are  deposited  in  the 
spring  and  the  close  of  the  same  season  of  activity,  and  emerge  from 
the  trees,  it  may  be  referred  to  as  constituting  a  complete  seasonal 
generation.  If  another  set  of  broods  develops  to  maturity  from  eggs 
deposited  by  the  adults  of  the  first  generation  of  the  season,  it  will 
form  a  complete  second  generation,  and  so  on.     If,  however,  only 
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parts  of  the  broods  complete  their  development  and  emerge  during 
the  first  season,  and  the  others  remain  over  until  the  next  season,  it 
will  be  a  partial  development  of  a  seasonal  generation.  If  all  of  the 
broods  develop  and  emerge  within  twelve  months  from  the  time  the 
first  eggs  were  deposited,  it  is  referred  to  as  a  complete  annual 
generation. 

Hiherruitian. — ^The  term  "hibernation"  as  here  applied  relates  to 
the  period  in  the  seasonal  history  of  the  broods  from  the  time  general 
activity  ceases  in  the  fall  until  the  time  it  begins  again  in  the  spring. 
In  southern  localities  there  may  be  considerable  activity  (feeding 
and  development)  of  the  broods  during  the  warmer  days  of  winter, 
so  that  hibernation  uscki  in  this  connection  does  not  mean  that  the 
broods  are  entirely  dormant  and  inactive,  but  that  for  the  greater 
part  of  the  time  they  are. 

Overwintering  stages. — ^The  overwintering  stages  are  those  of  the 
hibernating  broods. 

Overwintered  broods. — The  term  ''overwintered  broods"  relates  to 
all  stages  which  have  passed  the  winter  in  the  bark  of  the  infested 
trees,  whether  active  or  not.  It  is,  therefore,  a  better  term  to  use 
for  the  barkbeetles  than  "hibernated  broods." 

Activity  of  overwintered  broods. — By  the  "activity  of  overwintered 
broods"  is  meant  the  feeding,  development,  transformation,  emer- 
gence, flight,  etc.,  from  the  time  general  activity  begins  in  the  spring 
among  the  broods  which  have  overwintered  in  the  bark.  This 
activity  may  extend  over  several  months  and  overlap  the  activity 
of  broods  of  one  or  more  generations.  The  parent  adults  that  attack 
the  tree  too  late  in  the  fall  to  complete  their  egg  galleries  usually  con- 
tinue their  work  of  extending  the  galleries  and  depositing  eggs  when 
activity  begins  the  following  spring.  Some  of  the  parent  adults 
that  have  completed  their  egg  galleries  in  the  fall  may  also  live  over 
winter  and  excavate  new  galleries  when  activity  begins  in  the  spring. 
The  overwintered  broods  of  yoimg  adults  include  those  that  trans- 
formed to  adults  before  activity  ceased  in  the  fall  and  passed  the 
winter  in  the  pupal  cells  where  they  transformed.  These  are  usu- 
ally the  first  to  emerge  and  fly  in  the  spring,  but  sometimes  they 
remain  in  the  bark  imtil  the  majority  of  the  broods  are  fully  devel- 
oped. Among  the  overwintered  broods  of  larvse  there  may  be  all 
stages  from  very  young  or  small  larvaB  to  fully  developed  ones.  The 
latter  will  begin  activity  by  transforming  to  pupaB.  The  immature 
larvae  begin  their  activity  by  feeding  and  extending  their  larval  mines. 
Under  normal  or  favorable  conditions,  the  majority  of  the  immature 
stages  of  some  species  will  have  completed  their  development  and 
transformed  to  adults  before  the  overwintered  young  adults  in  the 
same  tree  have  begim  to  emerge,  so  that  neariy  all  of  them  may 
leave  the  trees  about  the  same  time,  but  there  are  always  certain  trees 
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in  which  the  conditions  are  not  so  favorable  for  normal  develop- 
ment. There  are  also  broods  from  eggs  deposited  by  overwintered 
parent  adults,  so  that  the  period  of  development  and  emergence  of 
all  of  the  overwintered  broods  is  prolonged  and  irregular.  In  fact, 
some  of  the  overwintered  individuals  of  certain  species  may  not  com- 
plete their  development  and  emerge  until  the  second  season  of  ac- 
tivity. These  retarded  broods  are  not  of  much  economic  importance, 
but  they  introduce  an  element  of  confusion  in  defining  the  limits  of  a 
given  generation.  On  the  other  hand,  periods  of  normal  or  principal 
development,  transformation,  and  emergence  of  the  broods  are  of 
especial  economic  importance,  since  a  knowledge  of  them  is  quite 
essential  for  successful  control. 

Seasonal  history. — ^According  to  the  writer's  interpretation,  the 
seasonal  history  of  an  insect  is  the  history  of  the  broods  of  the  species 
from  the  beginning  of  activity  in  the  spring  of  one  year  to  the  end 
of  the  hibernating  or  overwintering  period  in  the  spring  of  the  next 
year. 

Life  history, — ^The  term  "life  history,"  as  frequently  employed,  is 
synonymous  with  seasonal  history,  but  to  be  more  exact  it  is  the 
history  of  an  individual  from  the  egg  to  maturity  and  death,  includ- 
ing its  natural  enemies,  environment,  or  any  other  phenomena 
affecting  its  life. 

Egg  gallery  (fig.  7,  etc.). — ^The  egg  gallery  is  the  burrow  made  by 
the  adult  beetles,  along  the  sides  of  which  the  eggs  are  deposited. 

Larval  mines  and  pupal  cells  (figs.  19,  22,  etc.). — ^The  larval  mines 
are  the  food  burrows  made  by  the  larvsB.  The  pupal  cells  are  cavi- 
ties excavated  by  the  larvse  at  the  end  of  the  larvsJ  mines,  in  which 
to  transform  to  the  pupsB  and  adults. 

Food  burrow. — A  food  burrow  is  one  excavated  into  the  living 
bark  by  the  adult  beetles  for  the  purpose  of  obtaining  food. 

Entrance  burrow  (figs.  79,  99). — ^The  entrance  burrows  are  the 
holes  made  by  the  parent  beetles  through  the  outer  and  inner  bark 
preliminary  to  excavating  the  egg  galleries. 

Ventilaiing  burrows  (figs.  79,  99). — Ventilating  burrows  are  the 
vertical  burrows  located  at  frequent  intervals  in  the  roof  of  the  egg 
gallery  and  extending  outward  to  or  near  the  surface.  They  are 
utilized  by  the  parent  adults  as  a  place  in  which  to  turn  aroimd,  or 
in  which  to  pack  the  boring  dust,  or  through  which  to  eject  the  dust, 
as  the  case  may  be. 

Exit  burrows  or  exit  holes  (figs.  8,  22). — The  exit  burrows  or  exit 
holes  are  the  clear-cut  holes  in  the  outer  bark  through  which  the 
adults  of  the  new  broods  emerge  from  the  tree. 

Boring  dust  (figs.  79,  99,  etc.). — The  sawdustlike  borings  ejected 
from  the  egg  galleries  or  packed  in  them  and  in  the  larval  mines  is 
referred  to  as  boring  dust. 
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Pitch  tubes  (figs.  8,  9,  100). — The  resin  or  gum  expelled  by  -the 
beetles  from  the  entrance  burrows  is  oft^n  formed  into  more  or  less 
r^ular  masses  with  a  hole  through  the  middle,  thus  suggesting  the 
name  *' pitch  tubes.'' 

Infested  trees, — ^Trees  containing  living  parent  adults  or  develop- 
ing broods  are  referred  to  as  "infested  trees." 

Fading  tops, — ^The  fading  or  noticeably  paler  green  of  the  foliage 
of  infested  trees  is  referred  to  as  "fading  tops." 

Sorrel  tops, — ^The  yellowish  foUage  of  trees  dying  from  the  attack 
of  the  beetles  is  termed  "sorrel  tops.  "  It  must  be  remembered  that 
a  certain  number  of  the  older  leaves  or  needles  on  the  healthy  twigs 
die,  turn  yellow,  and  fall  each  year;  therefore  this  normal  condition 
should  not  be  mistaken  for  an  indication  of  unhealthy  conditions. 
It  is  only  when  the  needles  of  the  middle  and  tip  of  the  cluster  turn 
yeUow  from  the  base  outward  that  the  dying  of  the  tree  is  indicated.* 

Red  tops. — ^The  term  "red  tops"  refers  to  the  color  of  the  foliage 
after  the  tree  is  dead,  and  usuaUy  after  the  broods  of  destructive  bee- 
tles have  emerged  from  the  bark.  This  reddish-brown  of  the  adher- 
ing pine  needles  may  prevail  for  one  year  or  more  after  the  trees  are 
dead. 

BeeUe-ahandoned  trees, — After  the  broods  of  the  destructive  beetles 
have  emerged  from  the  bark  of  a  tree  such  a  tree  is  referred  to  as 
"beetle  abandoned." 

Black  tops  (fig.  25). — The  condition  of  the  dead  trees  after  all  of 
the  needles  have  faUen  and  two  or  more  years  after  the  beetles  have 
left  them  is  referred  to  under  the  name  "black  tops." 

Broken  tops  (figs.  26,  27). — After  the  trees  have  been  dead  four  or 
more  years  and  the  tops  have  broken  oflf  they  are  termed  "broken 
tops." 

Sap  stain  or  blue  sap  (fig.  29). — The  discolored  condition  of  the  sap- 
wood  of  infested  trees  before  and  after  the  leaves  begin  to  fade  is 
referred  to  as  "sap  stain"  or  "blue  sap." 

Sap  decay. — After  the  trees  have  been  dead  long  enough  for  the 
sapwood  to  be  decayed,  but  the  heartwood  is  yet  in  a  sound  condi- 
tion they  are  termed  "sap  decayed." 

Heart  decayed. — ^The  term  "heart  decayed"  refers  to  the  condi- 
tion after  the  trees  have  become  unfit  for  any  practical  use. 

Millimeters  and  inches. — One  millimeter  equals  about  one  twenty- 
fifth  of  an  inch  or  about  four-himdredths  of  an  inch.  Two  milli- 
meters equal  about  one  line,  or  about  one-twelfth  of  an  inch.  To 
reduce  millimeters  to  inches,  multiply  by  0.04;  to  reduce  hun- 
dredths of  an  inch  to  millimeters  divide  by  0.04.  To  reduce  lines  to 
millimeters  multiply  by  2;  to  reduce  millimeters  to  lines,  divide  by  2. 

«  Needles  injured  by  climatic  conditions  have  the  tip  dead  and  the  base  green. 
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No.  1. .  THE  WESTERN  PINE  BEETLE. 
(Dendroctonus  hrevicamis  Lee.     Figs.  6-11.) 

The  western  pine  beetle  is  a  rather  stout,  brownish,  cylindrical  bark- 
beetle,  from  3  to  5  mm.  in  length,  with  head  broad  and  grooved, 
pronotum  punctured  and  but  slightly  narrowed  toward  the  head, 
and  elytra  with  fine  rugosities,  but  entirely  without  long  hairs. 
(See  fig.  6.)  It  attacks  healthy,  injured,  and  felled  western  yellow 
pine  and  sugar  pine,  and  is  destructive  to  living  timber  in  the  moun- 
tains of  California  and  northward  and  eastward  to  Washington  and 
Montana.  The  adults  excavate  long,  winding  egg  galleries  (fig.  7), 
through  the  inner  layers  of  living  and  dying  bark.  The  white, 
legless  larvse  hatching  from  the  eggs  excavate  short  larval  mines  in 
the  middle  portion  of  the  inner  bark,  the  latter  rarely  showing  on 


PiQ.  6.— The  western  pine  beetle  {DendrodUmus  brevicomis):  Adult,  larva,  pupa,  greatly  enlarged. 
(Adult  and  larva,  author'8  illustrations;  pupa,  from  Webb.) 

the  inner  surface.  Later  they  transform  to  pupje  and  adults  in  the 
outer  corky  bark.  Pitch  tubes  (figs.  8,  9)  are  produced  on  the  main 
trunk  of  the  living  trees  attacked.  The  fading  to  yellowish  and 
reddish  foliage  indicates  its  destructive  work. 

SEASONAL   HISTORY. 

OVERWINTERING   STAGES. 

The  broods  pass  the  winter  in  the  outer  bark  of  trees  attacked  the 
preceding  late  summer  and  fall,  as  parent  adults,  yoimg  adults  in 
pupal  cases,  all  stages  of  larvae,  and  possibly  pupae. 

ACTIVITY   OF  OVERWINTERED   BROODS. 

The  overwintered  parent  adults  extend  their  galleries  or  excavate 
new  ones  and  deposit  eggs  during  April  and  May,  from  which  broods 
develop  and  emerge  by  the  last  of  July  to  the  middle  of  August. 
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The  broods  of  yoxmg  adults  in  the  pupal  cells  begin  to  emerge  from 
the  trees  about  the  last  of  June,  and  continue  to  come  out  until  the 
middle  or  last  of  August.  The  broods  of  overwintered  larvae  begin 
to  transform  to  pupse  about  the  middle  of  April  and  to  adults  toward 
the  last  of  April,  and  the  latter  begin  to  emerge  from  the  trees  about 
the  middle  to  last  of  July,  so  that  practically  all  of  them  are  out  by 
the  last  of  August,  although  some  of  the  retarded  ones  continue  to 
emerge  until  September  or  later. 


Fig.  7.— The  western  pine  beetle:  Egg  galleries.    Reduced.    (Author's  illustration.) 
FIRST  GENERATION. 

The  overwintered  broods  of  adults  begin  to  attack  the  trees,  exca- 
vate galleries,  and  deposit  eggs  about  the  first  of  July,  and  continue 
their  activities  imtil  September  or  later.  The  principal  period  of 
attack  is  during  July. 

The  larv8B  begin  to  hatch  in  from  four  to  ten  days  after  the  eggs 
are  deposited,  and  may  be  found  in  the  bark  of  the  same  tree  from 
early  in  July  until  October,  but  the  principal  development  is  during 
July  and  up  to  the  middle  of  August.     They  begin  to  transform  to 
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pupae  about  the  middle  of  August,  and  continue  transforming  until 
cold  weather,  the  principal  period  of  transformation  being  from  the 
middle  to  the  last  of  August.  The  pupse  b^in  to  transform  to  adults 
after  the  middle  of  August,  and  continue  transforming  until  cold 
weather,  but  the  principal  period  of  transformation  is  between  the 
middle  of  August  and  the  middle  of  September. 

The  adults  begin  to  emerge  from  the  trees  toward  the  last  of 
August,  and  continue  to  come  out  until  in  October,  or  later,  but  the 
principal  period  of  flight  appears  to  be  from  the  last  of  August  to  the 
middle  of  September.  While  the  majority  of  the  broods  of  this 
generation  emerge  before  cold  weather,  it  is  evident  that  some  of 
them  overwinter  in  all  stages  from  larvsB  to  young  and  parent  adults. 


SECOND  GENERATION. 

The  records  of  observa- 
tions indicate  that  the  ear- 
lier emerging  adults  of  the 
first  seasonal  generation 
begin  to  deposit  eggs  about 
the  last  of  August,  and 
that  the  principal  period 
of  attack  is  from  the  last 
of  August  to  the  middle  of 
September.  The  larvse  be- 
gin to  appear  about  the 
first  of  September,  and 
continue  to  hatch  until  in 
October,  or  later.  No  evi- 
dence has  been  f oimd  that 
the  larv8B  of  this  genera- 
tion transform  to  pupse 
before  winter,  but  it  ap- 
pears that  the  broods  pass 
the  winter  in  all  stages  of 
larvae,  together  with  some  of  the  parent  adults.  Thus,  there  is  one 
complete  generation  annually  and  a  partial  second  one. 

HABITS. 

The  adults  attack  the  living  bark  on  healthy,  felled,  and  weakened 
standing  western  yellow  pine  and  sugar  pine.  They  excavate  long, 
winding  galleries  (fig.  7)  through  the  inner  layers  of  bark,  along  the 
sides  of  which  single  eggs  are  deposited  at  intervals  of  one-half  inch 
or  more.  The  larvae  normally  do  not  excavate  their  mines  through 
the  inner  layers  of  bark,  but  through  the  middle  or  outer  portion  of 
the  inner  bark.     When  the  larvae  have  fully  developed,  they  bore 


Fig.  8.— The  western  pine  beetle:  Bark  showing,  a,  a,  pupal 
cells;  6,  exit  burrows;  c,  pitch  tubes.  Reduced.  (From 
Webb.) 
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oiit  into  the  outer  corky  bark  to  pupate  and  transform  to  adults. 
After  the  adults  are  fully  matured,  and  the  proper  time  has  come  for 
them  to  emerge,  they  bore  out  of  the  bark  (fig.  8)  and  fly  to  other 
trees,  there  to  start  a  new  at- 
tack. While  very  few  observa- 
tions have  been  made  on  the 
habits  of  flight,  it  is  probable 
that  the  beetles  swarm  during 
the  evening  and  at  night. 

ECONOMIC    FEATURES. 

YiHiile  it  appears  that  this 
species  prefers  to  attack  weak- 
ened and  felled  trees,  or  isolat- 
ed healthy  ones,  it  often  attacks 
large  numbers  of  healthy  trees 
and  causes  extensive  depreda- 
tions. It  is  especially  destruc- 
tive to  the  western  yellow  pine 
(see  fig.  10)  in  central  Idaho, 
and  in  the  mountains  and 
higher  valleys  of  eastern  Wash- 
ington, Oregon,  and  California. 
It  must  therefore  be  classed 
among  the  important' primary 
enemies  of  the  pines  within  its 
range.  As  a  rule,  the  largest 
and  best  trees  are  attacked, 
and  the  winding  egg  galleries 
beneath  the  bark  serve  to  com- 
pletely girdle  them  and  cause 
their  death  before  the  broods 
have  developed  and  emerged. 

EVIDENCES   OP  ATTACK. 

The  external  evidence  of  at- 
tack by  this  species  on  healthy 
trees  is  the  presence  of  pitch 
tubes  (figs.  8, 9)  at  the  entrance 
of  the  galleries,  or  reddish  bor- 
ings lodged  in  the  flakes  of 
bark  on  the  trunk  and  around 
its    base.     Trees    attacked   in 


Fig.  9.— Work  of  the  western  pine  beetle:  Pitch  tubes 
on  bark  of  tree.    ( From  Webb. ) 
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July  will  usually  have  the  foliage  fading  or  turning  yellow  in  August; 
those  attacked  in  August  may  have  the  foliage  fading  in  September 
and  October,  while  those  attacked  in  September  may  fade  during 
the  late  fall  or  winter  or  remain  green  until  the  following  spring. 
All,  however,  will  have  yellow  to  reddish  foliage  before  the  broods 
have  entirely  emerged  the  following  July.  As  a  nde,  all  of  the  broods 
will  have  emerged  from  the  trees  foimd  at  any  season  with  reddish 
to  brown  and  falling  foliage.  The  exceptions  are  when  only  part  of 
a  tree  or  the  bark  on  one  side  of  the  trunk  is  killed  by  the  first  attack, 
and  the  remaining  living  bark  is  infested  later  in  the  same  season  or 
during  the  next.  Positive  evidence  that  the  above  conditions  are 
caused  by  this  species  must  be  based  on  authentic  identification  of 
specimens  found  in  the  bark  of  trees  so  affected. 

EFFECTS   ON   COMlfERCIAL  VALUE   OF  THE   WOOD. 

The  commercial  value  of  the  wood  of  trees  killed  by  this  beetle 
is  reduced  by  the  bluing  of  the  sap  wood,  often  before  the  leaves  begin 
to  turn  yellow,  but  the  heartwood,  especially  of  the  larger  trees, 
does  not  deteriorate  until  decay  sets  in  several  years  after  the  tree's 
death.  The  loss,  therefore,  is  not  necessarily  very  great  where  the 
timber  is  felled  and  utilized  immediately  after  a  destructive  attack, 
but  if  the  insect-killed  trees  are  left  standing  until  the  branches 
and  tops  break  off  and  fall  (fig.  10),  the  loss  is  often  serious  or 
complete.  Serious  losses  of  a  secondary  nature,  both  of  the  dead 
and  adjoining  living  timber,  may  often  result  from  forest  fires 
started  in  the  dead  timber.  Therefore  the  losses,  first  from  the 
ravages  of  this  species  and  second  by  fire,  have  been  severe  in  some 
localities. 

FAVORABLE   AND   UNFAVORABLE   CONDITIONS   FOR  THE    BEETLE. 

Favorable  conditions  for  the  multiplication  and  destructive  work 
of  this  beetle  are  found  in  areas  of  large,  matured  timber,  and  espe- 
cially where  such  trees  are  frequently  struck  by  lightning  or  injured 
or  felled  by  storms,  etc.  The  unfavorable  conditions  for  attack  upon 
the  living  timber  are  found  in  areas  of  vigorous,  recently  matured,  or 
young  growth,  and  where  timber-cutting  operations  are  continued 
from  year  to  year  under  modem  systems  of  forest  management. 

METHODS    OF   CONTROL. 

In  localities  and  areas  of  greater  or  less  extent  where  it  is  known 
that  scattering  clumps  of  trees  are  dying  from  the  attack  of  this 
species,  the  principal  clumps  of  infested  trees  should  be  located  in 
September  to  March,  and  the  infested  bark  on  the  main  trunk  and 
larger  branches  removed  and  burned,  or  the  logs  converted  into  lum- 
ber and  the  slabs  burned.     This  work  should  be  begun  not  earlier 
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than  October  and  should  be  completed  by  the  first  of  June.  If  at 
least  75  per  cent  of  the  mfested  trees  are  thus  treated,  sufficient 
numbers  of  the  broods  will  be  destroyed  the  first  year  to  protect  the 
remaining  timber  for  several  years.  Then,  if  all  patches  of  infested 
timber  are  subsequently  located  and  barked  before  the  broods  emerge, 
it  should  serve  to  keep  this  enemy  under  complete  control. 


Pig.  10.— Wertem  yellow  pine  killed  by  the  western  pine  beetle,  Yoeemlte  National  Park,     (Original.) 

Summer  operations  in  the  barking  of  infested  trees  are  not  to  be 
recommended,  except  in  special  cases  where  it  is  desirable  to  destroy 
the  broods  of  the  first  generation.  In  this  case  the  work  should  be 
done  during  the  period  of  principal  larval  development — that  is,  from 
the  middle  of  July  to  the  middle  of  August,  or  when  the  leaves  of  the 
infested  trees  are  just  beginning  to  fade. 
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It  has  been  determined  that  this  species  can  be  attracted  to  girdled 
and  felled  trap  trees.  Under  certain  conditions,  therefore — as  in  the 
case  of  the  absence  of  logging  operations  and  where  only  a  few  scat- 
tering trees  are  infested — it  may  be  desirable,  as  a  means  of  main- 
taining control,  to  provide  a  few  trap  trees  to  attract  the  first  genera- 
tion. This  can  be  done  by  girdling  two  or  three  inferior  trees  to 
the  heartwood  or  by  felling  them  in  June.  Then,  if  they  become 
infested  with  this  beetle,  the  bark  should  be  removed  from  the  main 
trunk  and  burned  by  the  middle  of  August.  Trap  trees  to  attract 
the  second  generation  should  be  prepared  in  August  and  September 
and  barked  before  the  first  of  the  following  May.  Usually  an  aver- 
age of  one  to  three  trees  to  the  acre  should  be  suflBcient  for  this 
purpose.  However,  the  number  will  depend  largely  upon  the  preva- 
lence of  the  insect.    (See  preceding  reference  to  trap  trees,  pp.  33-34.) 


FiQ.  11.— The  western  pine  beetle:  Distrfbation  map.    (Author's  illnstiatlon.) 

Continued  timber-cutting  operations  within  an  area  of  from  20 
to  50  square  miles  usually  provide  sufficient  breeding  places  in  the 
bark  of  the  logs  and  tops  of  the  felled  trees  to  satisfy  the  requirements 
of  this  species;  but  if  the  living  timber  should  be  at  any  time  threat- 
ened by  the  broods  emerging  from  the  slash,  or  if  it  is  desirable  to 
include  in  timber-sale  and  timber-cutting  regulations  certain  provi- 
sions for  the  binning  of  the  slash,  this  work  should  be  done  about  the 
first  of  August  for  the  slash  of  the  winter  and  spring  cutting,  and  dur- 
ing the  winter  for  that  of  the  late  summer  and  fall  cutting;  the  latter 
period,  however,  is  preferable,  on  account  of  the  danger  of  starting 
forest  fires  by  summer  burning. 
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BASIS    OF   INFORMATION. 

The  preceding  information  on  the  western  pine  beetle  is  based  on 
investigations  by  the  writer  at  McCloud,  Cal.,  at  Grants  Pass,  Oreg., 
near  Spokane,  Wash.;  and  at  Moscow,  Idaho,  April  and  June,  1899, 
and  in  the  Yosemite  National  Park  and  Yosemite  Valley,  California, 
June,  1904;  by  Mr.  J.  L.  Webb,  at  Moscow  and  Troy,  Idaho,  Septem- 
ber and  October,  1900,  and  at  Centerville,  Stites,  Kooskia,  Grimes, 
Placerville,  and  Smiths  Ferry,  Idaho,  April  to  September,  1905;  by 
Mr.  H.  E.  Burke,  at  Smiths  Ferry,  Idaho,  October,  1904,  in  the  Yosem- 
ite National  Park,  at  Wawona,  and  in  the  Yosemite  Valley,  Califor- 
nia, June  to  August,  1906,  and  at  Joseph,  Oreg.,  in  1907,  and  by 
Mr.  V.  S.  Barber,  at  Sterling  and  Chester,  Cal.,  in  1908.  Additional 
localities  through  correspondence  and  from  other  collections  are 
Badger,  Ballard,  and  the  Santa  Barbara  Na- 
tional Forest,  Cal.;  Winthrop  and  Auburn, 
Wash.;  Pokegama,  Oreg.,  and  Missoula,  Mont. 
The  species  is  represented  in  the  forest-insect 
collection  of  the  Bureau  of  Entomology  by  sev- 
eral hundred  specimens. 

BIBLIOGRAPHY. 

Hopkins,  1899a,  p.  395;  Hopkins,  18996,  pp.  13,  20,  26; 
Hopkins,  19016,  pp.  66,  67;  Hopkins,  1902c,  p.  21;  Hopkins, 
1904,  p.  18;  Webb,  1906,  pp.  17-30;  Hopkins,  1907,  pp. 
162-163;  Hopkins,  1909,  pp.  81-85. 


No.  2.    THE  SOUTHWESTERN  PINE  BEETLE. 
{Dendroctonus  harheri  Hopk.     Figs.  12-14.) 


Fig,  12.— The  southwest- 
ern pine  beetle  {Den- 
droctonus barberi): 
Adult.    Greatly  enlai;^- 

The  southwestern  pine  beetle  is  a  small,  rather  ®^-  (Author's  iiiustra- 
stout,  light  to  dark  brown  barkbeetle,  from  2.5  ^"'^ 
to  4.7  mm.  in  length,  with  a  broad  grooved  head,  sides  of  the  pro- 
thorax  slightly  narrow  toward  the  head,  elytra  with  moderately 
coarse  rugosities,  and  elytra  and  declivity  without  long  hairs.  (See 
fig.  12.)  It  attacks  healthy,  injured,  and  felled  western  yellow  pine 
in  southern  Colorado  and  Utah  and  in  the  mountains  of  Arizona,  New 
Mexico,  western  Texas,  and  northern  Mexico. 

The  adults  excavate  winding,  transverse,  egg  galleries  (fig.  13) 
through  the  inner  bark  and  mark  the  surface  of  the  wood.  The  lar- 
val mines  are  rarely  visible  on  the  inner  surface  of  the  bark,  but 
extend  through  the  middle  portion  and  into  the  outer  corky  portion, 
where  the  larvse  transform  to  pupae  and  adults.  The  presence  of 
this  species  in  standing  timber  is  indicated  by  pitch  tubes  on  the 
trunk  similar  to  those  made  by  the  western  pine  beetle  (figs.  8,  9) 
and  by  the  fading  yellowish  to  red  foliage. 
89536— Bull.  83,  pt  1—09 5 
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SEASONAL  HISTORY. 
OVBRWINTERINO   STAGES. 


The  broods  pass  the  winter  in  all  stages  from  young  to  matured 
larvae,  young  adults,  parent  adults,  and  possibly  pupsB,  in  the  outer 
bark  of  trees  and  logs  attacked  by  the  parent  beetles  the  previous 


summer. 


ACTIVITY  OP  OVERWINTERED   BROODS. 


The  overwintered  parent  adults  begin  to  excavate  galleries  and 
deposit  eggs  as  soon  as  warm  weather  permits  in  the  spring,  and  con- 
tinue to  do  so  until  about  the  first  of  June.  The  overwintered  broods 
of  young  adults  begin  to  emerge  toward  the  last  of  May  (northern 
area)  and  continue  to  come  out  until  the  last  of  June  or  later.  The 
overwintered  larvae  begin  to  transform  to  pupae  and  adults  soon 


Fig.  13.— The  southwestern  pine  beetle:  Egg  galleries.    (Author's  illustration.) 

after  activity  begins  in  April  or  May,  but  retarded  individuals  may 
not  develop  imtil  in  July,  or  later.  The  adults  from  the  overwin- 
tered larvae  begin  to  emerge  toward  the  last  of  May,  and  continue 
emergence  through  June  or  until  the  latter  part  of  July,  or  later. 
Probably  all  are  out  by  the  first  to  middle  of  August. 

WRST   GENERATION. 

The  overwintered  broods  of  adults  begin  to  deposit  eggs  about  the 
first  of  June  and  continue  doing  so  until  August,  or  later,  but  the 
principal  period  of  attack  is  during  June  and  July.  The  larvae  begin 
to  hatch  early  in  June,  and  begin  to  transform  to  pupae  and  adults 
early  in  July,  the  principal  transformations  being  in  July.  The 
broods  of  adults  begin  to  emerge  about  the  middle  of  July,  the  prin- 
cipal period  of  emergence  being  in  the  latter  part  of  July,  but  they 
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continue  to  come  out  until  September,  or  later.  Mr.  Webb's  observa- 
tions on  the  development  of  the  broods  from  the  time  eggs  were 
deposited  on  June  4  and  Jime  9  to  the  beginning  of  emergence  on 
July  22  and  July  29,  show  a  period  from  deposition  of  eggs  to  emer- 
gence of  adults  of  about  fifty  days. 

The  principal  period  of  flight  of  the  adults  of  this  generation  appears 
to  be  during  the  latter  part  of  July  and  first  of  August,  but  it  is  evi- 
dent that  while  some  of  the  more  retarded  broods  may  hibernate  as 
matured  adults  and  larvae,  nearly  all  develop  and  emerge  before 
activity  ceases  in  the  fall. 

SECOND  GENERATION. 

The  records  of  observations  indicate  that  the  earlier  emerged  adults 
of  the  first  generation  attack  the  trees  and  begin  to  deposit  eggs 
about  the  first  of  August,  the  principal  attack  being  in  August  and 
September. 

The  larvffi  begin  to  hatch  early  in  August  and  begin  transforming 
to  pupae  about  the  1st  of  September,  but  no  adults  of  this  generation 
have  been  observed  during  the  first  season.  The  winter  is  passed  in 
all  stages  of  larvae,  with  some  of  the  parent  adults.  Therefore,  there 
is  one  complete  seasonal  generation  and  a  partial  development  of  a 
second,  or  two  complete  generations  annually.  The  principal  differ- 
ences in  the  seasonal  history  and  generations  of  species  1  and  2  are 
the  earlier  beginning  and  ending  of  the  first  period  of  attack  by  the 
overwintered  broods  of  No.  2,  and  the  more  complete  development 
of  the  second  generation.  The  habits  of  the  two  species  are  quite 
similar,  except  that  the  present  species  is  usually  associated  with 
one  or  more  others — Nos.  3,  5,  8,  and  10. 

ECONOMIC  FEATURES  AND  METHODS  OF  CONTROL. 

The  economic  features  and  methods  of  control  relating  to  this  species 
are  quite  similar  to  those  of  the  western  pine  beetle.  In  case  it  should 
become  isolated  from  the  other  species  of  Dendroctonus  with  which 
it  is  usually  associated  and  become  independently  destructive,  and  if 
simmier  barking  of  the  infested  trees  should  be  found  desirable,  the 
work  should  begin  (under  average  conditions)  about  the  middle  of 
June  and  end  at  the  middle  of  July,  or  just  a  month  earlier  than  for 
the  western  pine  beetle.  The  same  rule  applies  for  trap-trees  for  the 
first  generation,  which  should  be  prepared  in  May  and  barked  by  the 
middle  of  July.  The  fall  and  winter  work  of  barking  trees  may  begin 
a  little  later,  but  should  be  completed  by  the  1st  of  May.  In  the 
more  southern  range  of  this  barkbeetle  the  beginning  and  completion 
of  such  control  work  should  be  two  months  earlier  than  at  the  same 
altitude  in  its  more  northern  range.  (See  "Methods  of  control'' 
under  western  pine  beetle,  pp.  46-48.) 
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BASIS   OF   INFORMATION. 

Information  on  this  species  is  based  on  investigations  by  the  writer 
at  Williams,  Ariz.,  September,  1902,  at  Vermejo,  N.  Mex.,  May,  1903, 
and  near  Flagstaff,  Ariz.,  May,  1905;  by  Mr.  J.  L.  Webb  at  Flagstaff, 
Williams,  and  Dead  Mans  Flat  and  near  the  Grand  Canyon,  Ariz., 
May  to  September,  1904,  in  the  Lincoln  National  Forest  at  Cloudcroft, 
and  in  the  Capitan  Mountains,  New  Mexico,  and  in  the  Santa  Cata- 
lina  National  Forest,  Arizona,  May  to  September,  1907,  by  Mr.  W.  F. 
Fiske  at  Meeks,  Capitan,  and  Cloudcroft,  N.  Mex.,  and  in  the  Davis 
Mountains,  Texas,  in  1907;  by  Mr.  H.  E.  Burke  at  Panguitch  Lake, 
Utah,  in  1907;  by  Mr.  W.  D.  Edmonston  at  Monte  Vista,  Colo.,  in 
1907.  Additional  localities  through  correspondence  are  Show  Low, 
Chiricahua  Mountains,  Arizona;  San  Bernardino,  Cal.;  Fort  Garland, 
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Fio.  14.— The  southwestern  pine  beetle:  Distribution  map.    (Author's  illustration.) 

Colo.;  Escalante,  Utah,  and  Santa  Fe,  N.  Mex.  The  species  is  repre- 
sented in  the  forest-insect  collection  of  the  Bureau  of  Entomology  by 
more  than  300  specimens  of  the  insect  and  its  work. 

This  species  is  closely  related  to  the  western  pine  beetle,  but  is  dis- 
tinguished by  the  slightly  more  slender  form,  coarser  rugosities,  and 
distinctly  impressed  striae  of  the  elytra.  It  is  easily  distinguished 
from  the  other  species  occupying  the  same  range  by  the  denser  rugosi- 
ties and  absence  of  long  hairs  on  the  elytra. 

BIBLIOGRAPHY. 

Hopkins,  1904  (under  "The  Arizona  Dendroctonus"),  pp.  42,  44;  Hopkins,  1909, 
pp.  85-87. 
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No.  3.    THE  ROUNDHEADED  PINE  BEETLE. 
{Dendroctoniu  convexifrons  Hopk.    Figs.  15-17.) 

The  roundheaded  pine  beetle  is  a  somewhat  elongate  cylindrical, 
reddish-brown  to  black,  rather  shining  barkbeetle,  4  to  6  mm.  in 
length,  with  the  front  of  the  head  convex,  and  without  frontal  groove, 
the  prothorax  broad,  only  slightly  narrowed  toward  the  head,  and 
finely  punctured,  the  elytra  with  coarse  rugosities  toward  the  base, 
and  the  declivity  with  fine  punctures  and  long  erect  hairs.  (See  fig. 
15.)  It  attacks  injured,  felled,  and  healthy  western  yellow  pine  from 
southern  Arizona  to  northern  New  Mexico  and  southern  Colorado.  It 
excavates  long,  slightly  winding,  longitudi- 
nal, and  sometimes  transverse  and  branched 
egg  galleries  (fig.  1 6)  extending  through  the 
inner  living  and  dying  bark  and  grooving 
the  surface  of  the  wood.  At  intervals 
along  the  sides  of  the  galleries  single  eggs 
are  deposited.  The  short,  cylindrical,  grub- 
like larvae  extend  their  larval  mines  at  right 
angles  to  the  egg  galleries,  usually  through 
the  inner  layers  of  bark,  and  mark  the  sur- 
face of  the  wood.  The  transformation  to 
pupae  and  adults  is  sometimes  in  the  inner 
bark,  but  probably  more  often  in  the  outer 
bark.  This  barkbeetle  is  nearly  always  as- 
sociated with  one  or  more  of  four  other 
species  of  Dendroctonus — Nos.  2,  3,  5,  8, 
and  10.  The  presence  of  this  species  is 
indicated  by  pitch  tubes  on  the  trunk  and 
by  the  fading  and  reddish  foliage. 


Fig.  15.— The  roundheaded  pine 
beetle  {Dendroctonus  cimrcxi- 
froTit):  Adult.  Greatly  enlarg- 
ed.   (Author's  illustration.) 


SEASONAL   HISTORY. 

OVERWINTERING    STAGES. 


The  winter  is  passed  in  the  bark  of  trees  attacked  the  preceding 
summer,  as  parent  adults,  young  to  matured  larvae,  young  adults, 
and  possibly  pupae,  the  parent  adults  in  the  egg  galleries,  and  the 
broods  in  the  outer  and  inner  bark. 


ACTIVITY   OP   OVERWINTERED   BROODS. 


The  overwintered  parent  adults  extend  the  old  galleries  or  excavate 
new  ones  from  the  time  activity  begins  in  May  until  the  last  of  June, 
or  later.  The  overwintered  broods  of  young  adults  begin  to  emerge, 
probably,  in  June,  and  continue  to  come  out  until  September.  The 
overwintered  larvae  begin  to  transform  to  pupae  and  adults  in  June 
and  apparently  continue  to  develop  and  transform  to  adults  until 
activity  ceases  in  the  fall.     Some  of  the  adults  which  have  transformed 
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from  overwintered  larvse  may  emerge  during  the  period  from  August 
to  October,  but  apparently  the  majority  go  over  the  second  winter, 
together  with  a  few  larvse.  Full-grown  larvae  observed  by  Mr.  Webb 
on  June  28  had  not  all  transformed  to  adults  on  October  10,  and 
only  a  few  adults  had  emerged.  The  broods  developing  from  the  eggs 
deposited  by  the  overwintered  parent  adults  may  develop  to  adults 


Fig.  16.— The  roundheaded  pine  beetle:  Egg  galleries  and  larval  mines.    Reduced.    (Author's 

illustration.) 

before  activity  ceases  in  the  fall,  but  the  majority  evidently  pass  the 
winter  as  medium  to  matured  larvae. 

GENERATION. 

The  overwintered  broods  of  young  adults  begin  to  emerge  and 
deposit  eggs  in  June  and  continue  to  do  so  until  September,  or 
later.     Some  of  the  larvae  from  these  eggs  may  transform  to  pupae 
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and  adults  before  cold  weather,  but  evidently  no  adults  emerge  before 
winter. 

It  is  very  evident  that  there  is  only  one  partial  generation  annually, 
and  that  some  individuals  may  not  complete  their  development 
until  the  second  year.  It  is  evident,  also,  that  the  .most  retarded 
adults  of  the  first  generation  may  live  over  and  deposit  eggs  the 
third  year. 

HABrrs. 

So  far  as  known,  this  species  confines  its  attacks  to  the  western 
yellow  pine,  but  it  is  probable  that  it  will  attack  other  species  of 
pine  growing  within  its  range.  It  is  nearly  always  associated  with 
the  other  species  of  Dendroctonus  and  other  barkbeetles  in  injured, 
dying,  and  felled  trees.  The  adults  enter  the  living  to  dying  bark 
on  the  main  trunk  of  the  trees  and  excavate  long,  slightly  winding, 
longitudinal,  oblique,  or  nearly  transverse  and  sometimes  branched 
galleries  through  the  inner  bark,  and  often  groove  the  outer  layer 
of  wood.  In  contrast  with  other  species  of  Dendroctonus  which 
are  usually  associated  with  it,  except  the  Black  Hills  beetle,  the  larval 
mines  are  usually,  but  not  always,  exposed  in  the  inner  bark,  and 
often  mark  the  surface  of  the  wood.  Some  of  the  larv8B  may  trans- 
form to  adults  in  the  inner  bark,  but  as  a  rule  they  enter  the  outer 
corky  bark  for  this  purpose.  The  young  adults  remain  there  until 
time  for  them  to  emerge  and  fly.  Nothing  is  known  of  the  food 
and  flight  habits,  and  many  other  facts  are  obscure,  owing  to  the 
confusion  of  this  with  other  species  before  it  was  recognized  as 
distinct. 

ECONOMIC   FEATURES. 

The  fact  that  this  species  is  usually  associated  with  one  or  more 
of  species  2,  3,  5,  8,  and  10  renders  its  specific  relation  to  the  death  of 
trees  doubtful.  It  is  evident,  however,  that  if  it  should  become  iso- 
lated from  the  other  species  and  occur  in  large  numbers,  it  would  be 
fully  capable  of  killing  trees  on  its  own  account.  During  the  past  year 
it  was  found  associated  with  the  Black  Hills  beetle  in  the  destruc- 
tion of  a  large  amount  of  timber,  with  evidence  that  some  of  the 
trees  were  killed  by  it  alone. 

METHODS    OF   CONTROL. 

Whenever  it  is  found  that  this  species  is  causing  the  death  of 
timber  or  is  associated  with  other  species  in  doing  so,  the  bark  should 
be  removed  from  the  main  tnmk  of  the  infested  trees  and  burned. 
The  work  should  be  done  between  the  first  of  October  and  the  middle 
of  the  following  June.  (See  also  "General  methods  of  control,"  pp. 
29-35.) 
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BASIS   OP  INFOBMATION. 

The  preceding  information  relating  to  this  barkbeetle  is  based  on 
investigations  by  the  writer  at  Williams,  Ariz.,  September,  1902,  at 
Vermejo,  N.  Mex.,  May,  1903,  at  Flagstaff,  Ariz.,  May,  1904,  and 
near  Ft.  Garland,  Colo.,  June,  1906;  by  Mr.  J.  L.Webb  at  Flagstaff, 
Ariz.,  May  to  September,  1904,  at  Cloudcroft,  N.  Mex.,  and  in  the 
Santa  Catalina  National  Forest,  Arizona,  May  to  September,  1907; 
by  Mr.  W.  F.  Fiske,  at  Meeks,  Cloudcroft,  and  Capitan,  N.  Mex.,  in 
1907;  by  Mr.  H.  E.  Burke,  at  Panguitch,  Utah,  in  1907;  by  Mr. 
W.  D.  Edmonston,  at  Monte  Vista  and  Laveta,  Colo.,  and  La  Sal, 
Utah,  in  1907.  Additional  localities  through  correspondence  are 
Las  Animas  County,  Colo.;    Show   Low,  and   Paradise,  Ariz.,  and 


Fig.  17.— The  roundheaded  pine  beetle:  Distribution  map.    (Author's  illustration.) 

the  Fort  Wingate  Military  Reservation,  New  Mexico.  The  species 
is  represented  in  the  forest-insect  collection  of  the  Bureau  of  Ento- 
mology by  more  than  100  specimens  of  the  insect  and  of  its  work. 


BIBLIOGRAPHY. 


Hopkins,  1909,  pp.  87-90. 


No.  4.    THE  SOUTHERN  PINE  BEETLE. 
(Dendroctonus  frontalis  Zimm.    Figs.  18-31.) 

The  southern  pine  beetle  is  a  slender,  cylindrical,  brownish  to  black 
beetle,  2.2  to  4.2  mm.  in  length;  the  head  is  broad,  with  median  ele- 
vations each  side  of  a  distinct  frontal  groove;  the  prothorax  is  punc- 
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tured  and  but  slightly  narrowed  toward  the  head;  the  elytra  have 
moderately  coarse  rugosities  between  indistinct  rows  of  punctures, 
and  the  declivity  is  convex,  with  a  few  long  hairs.  (See  fig.  18.)  It 
attacks  healthy,  injured,  and  felled  trees  of  all  of  the  pines  and  spruces, 
from  southern  Pennsylvania  southward  into  Florida  and  westward 
into  eastern  Texas  and  Arkansas.  It  excavates  long,  winding  egg 
galleries  (fig.  19)  through  the  inner  bark,  and  marks,  but  does  not 
groove,  the  surface  of  the  wood  (fig.  24).  The  whitish,  legless  larvae 
excavate  short,  broad  larval  mines  at  more  or  less  regular  intervals 
at  right  angles  along  the  sides  of  the  egg  galleries,  usually,  but  not 
always,  exposed  in  the  inner  bark.  The  transformation  to  pupae 
and  adults  takes  place  in  the  outer  corky  bark.  The  presence  of 
this  species  is  indicated  by  pitch  tubes  on  the  main  trunk  of  living 
trees,  and  by  the  fading  and  yellowish  to  red  foliage  as  the  trees  die 
from  its  attack.  It  is  a  very  destructive  enemy 
of  southern  and  southeastern  pines. 

SEASONAL   HISTORY. 

Northern  Section, 
overwintering  stages. 


The  broods  pass  the  winter  in  the  outer  bark  of 
trees  attacked  during  the  preceding  summer  and 
fall,  as  parent  adults,  matured  larvae,  and  possibly 
pupae,  and  as  small  larvae  in  the  inner  bark,  but 
principally  as  matured  larvae  in  the  outer  bark. 

ACTIVITY   OF   OVERWINTERED   BROODS.  FiG.  18.— Tfte  BOUt hern 

,  pine    beetle    {Dejidroc- 

North  of  South  Carolina  the  overwmtered  par-  tonus  frontalis):  Aduit. 
ent  adults  begin  to  extend  their  galleries  or  Qreatiy  enlarged. 
excavate   new  ones  as  soon   as  warm  weather 


(Author's  illustration.) 


permits  in  the  spring  (March  to  May)  and  continue  their  activities 
probably  until  toward  the  middle  of  May  or  later.  The  overwin- 
tered broods  of  young  adults  begin  to  emerge  about  the  first  of  May. 
The  first  swarming  period  occurs  about  the  middle  of  May,  but  strag- 
glers continue  to  come  out  probably  as  late  as  the  middle  of  June  or 
July.  This  relates  especially  to  its  northern  range  and  to  the  higher 
altitudes.  The  overwintered  broods  of  matured  larvae  begin  to  trans- 
form to  pupae  and  adults  in  March  and  April,  but  the  principal  trans- 
formation is  in  April,  so  that  the  adults  are  ready  to  emerge  with  the 
overwintered  broods  of  young  adults.  Some  of  the  broods  of  over- 
wintered young  larvae  probably  develop  in  time  to  emerge  with  the 
swarm,  but  some  of  them  are  generally  retarded  and  do  not  com- 
plete their  development  until  in  July,  or  possibly  as  late  as  August. 
It  is  evident  that  the  majority  of  the  overwintered  broods  are  out  by 
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the  middle  of  June  and  that  all  are  out  by  the  last  of  July.  Broods 
from  eggs  deposited  by  overwintered  parent  adults  probably  develop 
and  emerge  by  the  first  or  middle  of  June. 


FIB8T  GENERATION. 


The  overwintered  yoimg  adults  deposit  their  first  eggs  early  in 
May,  and  the  excavating  of  galleries  and  oviposition  continue  prob- 
ably into  June,  especially  if  the  parent  adults  leave  the  completed 
galleries  to  excavate  others,  which  they  evidently  do,  though  the 
general  and  principal  attack  by  the  overwintered  broods  is  from  the 


Via.  19.— The  southern  pine  beetle.  Egg  galleries  and  larval  mine**:  o,  Entrance;  b,  entrance  burrow; 
c,  egg  gallery;  d,  normal  larval  mine;  e,  abnormal  larval  mine;  /,  terminal;  g,  ventilating  bur 
row8.    Slightly  reduced.    (Author's  illustration.) 

middle  to  the  last  of  May.  The  larvae  begin  to  hatch  early  in  May 
and  continue  their  active  development  dimng  June,  the  more  retarded 
individuals  continuing  active  into  August.  They  begin  to  trans- 
form to  pupae  and  adults  about  the  middle  of  Jime,  and  continue  until 
the  retarded  individuals  are  all  transformed,  in  August  or  later. 
The  developed  broods, begin  to  emerge  toward  the  last  of  June  and 
continue  to  come  out  during  July  or  until  all  of  the  retarded  broods 
and  individuals  are  out  in  August  and  September  or  later;  but 
practically  all  of  the  normally  developed  broods  of  the  first  generation 
are  out  by  the  last  of  July. 
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SECOND  GENERATION. 


The  first  eggs  of  the  second  generation  are  deposited  by  adults  of 
the  first  generation  during  the  first  week  of  July.  The  principal 
attack,  however,  is  during  the  latter  part  of  July  and  first  of  August. 
The  larv»  of  this  generation  begin  to  hatch  about  the  middle  of 
July,  continue  to  hatch  during  the  latter  part  of  July  and  early  part 
of  August,  begin  transforming  to  pupsB  and  adults  during  the  first 
half  of  August,  and  continue  to  do  so  into  September  or  later.  The 
broods  of  adults  begin  to  emerge  about  the  10th  of  August  and  con- 
tinue to  come  out  during  the  middle  to  last  of  the  month,  and  xmtil 
the  last  of  the  retarded  broods  have  left  the  trees,  in  September  or 
later;  but  practically  all  of  the  normally  developed  broods  are 
evidently  out  by  the  middle  of  September. 


THIRD  GENERATION. 


The  adults  of  the  second  generation  evidently  begin  to  attack  the 
trees  and  deposit  eggs  for  the  third  generation  about  the  middle  of 
August,  and  continue  to  do  so  into  September  or  later,  though  the 
principal  attack  is  diuing  the  last  half  of  August.  The  larvae  begin 
to  hatch  in  a  few  days  after  the  eggs  are  deposited,  and  develop 
principally  during  the  last  of  August  and  first  half  of  September, 
but  some  of  them  do  not  complete  their  development  before  hiber- 
nation begins  in  the  fall.  The  matured  larvae  transform  to  pupae 
and  adults  principally  during  September,  but  continue  their  trans- 
formations into  November  or  later.  The  developed  broods  begin  to 
emerge  about  the  middle  of  September,  and  probably  continue  to 
come  out  until  November  or  later.  The  majority,  however,  evidently 
emerge  before  the  middle  of  October. 


FOURTH   GENERATION. 


The  adults  of  the  third  generation  evidently  begin  to  attack  the 
trees  and  deposit  eggs  about  the  middle  of  September,  and  continue 
to  do  so  during  the  latter  part  of  September  and  first  of  October, 
until  cold  weather.  The  principal. development  of  the  larvae  is  dur- 
ing October,  practically  all  becoming  full  grown  before  hibernation 
begins,  so  that  the  majority  pass  the  winter  as  full-grown  larvae  in  the 
outer  bark.  Some  of  the  earliest  broods  evidently  begin  transform- 
ing to  pupae  and  adults  toward  the  middle  of  October,  and  some  of 
them  may  emerge  in  October  and  November,  but  evidently  by  far 
the  larger  number  of  both  the  young  adults  and  the  developed  larvae 
pass  the  winter  in  the  outer  bark. 
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FIFTH   GENERATION. 

There  may  be  a  partial  or  beginning  of  a  fifth  generation,  especially 
at  the  lower  elevations  and  more  southern  localities  of  the  northern 
section,  the  individuals  of  which  pass  the  winter  as  parent  adults 
and  young  larvae. 

It  is  evident  that  in  the  northern  section  of  the  range  of  this  spe- 
cies there  are  from  two  to  three  complete  seasonal  generations  dur- 
ing the  period  from  about  the  first  of  May  until  activity  ceases  in 
the  fall,  or  at  any  rate  all  of  the  broods  of  at  least  two  generations 
develop  and  emerge  during  the  period  of  activity  within  the  range 
including  the  higher  elevations  of  North  Carolina  and  lower  eleva- 
tions at  the  northern  limit,  and  that  all  of  the  broods  of  at  least 
three  generations  develop  and  emerge  at  the  medium  and  lower  ele- 
vations south  of  Virginia,  represented  by  a  central  locality  included 
in  a  range  of,  say,  1,000  feet  above  and  500  feet  below  Tryon,  N.  C, 
while  portions  of  the  fourth  and  all  of  the  fifth  generation  overwinter. 

PERIODS   OF  DESTRUCTIVE   ATTACK. 

In  the  area  including  the  mountains  of  North  Carolina  and  north- 
ward there  is  one  principal  period  of  destructive  attack,  viz,  during 
August  and  September,  and  in  the  area  represented  by  Tryon,  N. C, 
there  are  two  principal  periods  of  destructive  attack,  one  from  the 
middle  of  July  to  the  last  of  August,  the  other  during  September  and 
October. 

Southern  Section. 

In  the  southern  section,  including  the  Atlantic  or  Gulf  region  of 
loblolly  and  longleaf  pines,  there  is  a  complex  overlapping  of  prob- 
ably five  or  six  generations,  most  diflScult  to  define  on  account  of 
the  almost  continuous  activity  during  the  year,  but  of  course  more 
or  less  retarded  during  the  colder  weather  of  the  winter  months.  It 
would  appear,  however,  that  the  principal  periods  of  destructive 
attack  are  similar  to  those  of  the  Tryon  section. 

HABITS. 

The  adult  beetles  enter  the  living  bark,  usually  on  the  upper  por- 
tion of  the  main  trunk  of  standing  healthy  or  injured  trees  or  on  the 
entire  trunk  of  newly  felled  ones,  and  excavate  long,  sublongitudinal, 
winding  egg  galleries  (figs.  19-22)  through  the  inner  bark.  Eggs  are 
placed  in  little  niches  along  the  sides  of  these  galleries  at  more  or 
less  regular  intervals  of  one-half  inch  or  more. 

The  freshly  hatched  larvae,  which  are  short,  stout,  whitish  grubs 
with  a  faint  frontal  elevation  in  the  middle  of  the  head  and  with 
the  opposite  end  of  the  body  blunt  or  truncate,  excavate  their  larval 
mines  at  right  angles  to  the  egg  gallery  (fig.  19),  and  usually  exposed 
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in  the  inner  bark.  The  normal  larval  mine  is  first  short  and  thread- 
like, then  suddenly  enlarges  into  a  broad  cavity,  but  sometimes, 
when  the  bark  dies  too  rapidly  or  is  otherwise  unfavorable,  a  thread- 
like abnormal  larval  mine  is  extended  for  a  much  greater  distance. 
When  the  larvae  are  fully  matured  they  bore  out  into  the  corky  outer 
bark  and  excavate  individual  cells  (fig.  22)  in  which  those  of  the 
summer  brood  transform  to  pupae  and  adults  and  those  of  the  fall 
broods  pass  the  winter  before  going  through  their  transformations 
the  following  spring.     After  the  adults  are  fully  matured  and  when 


Fig.  20.— The  south- 
ern pine  beetle : 
Termination  of  egg 
galleries.  (Author's 
illustration.) 


FiQ.  21.— The  southern  pine 
beetle.  Beginning  of  egg 
galleries:  a,  In  living  bark; 
6,  in  dying  bark;  c,  marked 
on  surface  of  wood  (white 
area  represents  normal  ap- 
pearance of  wood  preserved 
by  resin.)  (Author's  illustra- 
tion.) 


FiQ.  22.— The  southern  pine  beetle. 
Bark  showing:  a.  Pitch  tubes:  6, 
entrance  burrow;  c,  egg  gallery; 
d,  ventilating  burrow;  e,  pupal 
cells;  /,  exit  burrows;  p,  inner 
bark;  h,  outer  bark.  (Author's 
illustration.) 


the  proper  time  comes  for  them  to  emerge,  they  bore  out  through 
the  bark  and  fly  away. 

The  flight  or  swarming  of  this  species  evidently  occurs  late  in  the 
evening  and  at  night,  and  consequently  very  few  observations  have 
been  made  on  the  flight  habits.  The  finding  of  the  beetles  in  electric- 
light  globes  and  otherwise  attracted  to  light  is  conclusive  evidence 
that  the  beetles  fly  at  night,  and  the  fact  that  groups  of  trees  are 
simultaneously  attacked  by  great  numbers  of  the  beetles  indicates  a 
swarming  habit.     An  especially  interesting  feature  in  the  congre- 
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gating  habit  of  the  beetles  was  observed  by  Mr.  W.  F.  Fiske,  who 
found  great  numbers  congregated  under  the  loose  flakes  of  bark  of 
healthy  trees  just  before  their  simultaneous  entrance  into  the  living 
inner  bark.  Another  peculiar  habit  of  the  beetles  is  that  of  migrat- 
ing from  one  locality  or  group  of  trees  where  the  broods  developed 
to  another  locality  or  group  of  trees  some  distance  away,  instead  of 
continuing  their  attack  on  the  trees  immediately  surrounding  those 


Fio.  28.— The  southern  pine  beetle:  Old  egg 
galleries  in  living  tree,  with  surrounding 
callus  of  new  wood.    (Author's  illustration.) 


Fio.  24.— The  soathern  pine  beetle. 
Egg  gallery  in  living  tree  marked 
on  burface  of  wood  six  years  before 
block  was  cut  from  tree:  a,  Mark 
of  gallery  on  original  surface;  6, 
resinous  wood;  r,  surface  scar  six 
years  later;  d,  original  surface  or 
7-year-old  annual  layer  of  wood;  e, 
six  subsequent  annual  layers  of 
wood  formed  over  original  wound. 
(Author's  illustration.) 


from    which    they    emerge.     Apparently 
there  are  rare  exceptions  to  this  rule. 

While  this  species  will  breed  in  injured 
and  felled  trees,  it  shows  a  decided  prefer- 
ence for  those  living  and  healthy,  whenever 
it  occurs  in  sufficient  numbers  to  attack  and  kill  them.  Its  broods 
of  larvae  must  have  living,  or  at  least  partially  living,  bark  in  which 
to  complete  their  rapid  ciormal  development.  It  attacks  the  bark  on 
the  middle  or  upper  trunk  of  medium  to  large  pine  and  spruce  trees, 
and  usually  selects  the  largest  and  best  trees  first.  After  the  larger 
trees  are  killed  the  middle  to  lower  trunk  of  the  smaller  trees  may 
be  attacked.  The  habit  of  attack  and  methods  of  excavating  gal- 
leries are  similar  to  those  of  the  smaller  western  and  Mexican  spe- 
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cies,  all  of  which  extend  their  galleries  from  the  entrance  in  a  trans- 
verse or  sublongitudinal  and  tortuous  course  through  the  inner  bark 
(fig.  19).  Those  of  different  pairs  of  beetles  frequently  cross  each 
other  so  that  the  many  primary  galleries,  independent  of  the  larval 
mines,  serve  to  com- 
pletely girdle  the  tree 
and  kill  the  bark.  Thus 
these  winding  galleries 
cause  a  much  more  rapid 
death  of  the  bark  and 
foliage  than  do  the 
straight  longitudinal  gal- 
leries, like  those  of  the 
spruce  beetles  and  the 
Black  Hills  beetle.  The 
trees  are  killed  by  the 
girdling  effect  of  the 
winding  primary  galler- 
ies in  the  bark  of  the 
middle  portion  of  the 
trunk,  which,  it  has  been 
demonstrated ,  is  the 
most  vital  part,  or  at 
least  has  less  power  of 
resisting  injuries  than 
the  lower  portion  and 
base.  Instead  of  the 
leaves  of  the  trees  re- 
maining green  until  the 
next  season,  as  they  do 
on  trees  infested  by  the 
spruce  beetle  and  the 
Black  Hills  beetle,  all 
except  those  on  the  trees 
attacked  late  in  the  sea- 
son commence  to  fade 
in  a  few  weeks  after  the 
trees  become  infested. 


Fio.  26.— White  pine  timber  killed  by  southern  pine  beetle 
Condition  in  October,  1894,  of  trees  which  died  in  1891  and 
1893.    (Original,  from  photograph.) 


ECONOMIC   FEATURES. 


This  species  may  be  considered  as  one  of  the  most  dangerous  enemies 
of  the  pine  forests  of  the  Southern  States.  It  devastated  the  pine 
forests  over  large  areas  in  West  Virginia  and  Virginia  in  1891  and  1892, 
and  the  extensive  dying  of  pine  timber  in  the  Southern  States  during 
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the  past  century,  to  which  there  are  numerous  references,  was  more 
than  likely  caused  by  it.  It  has  been  more  or  less  active  in  the  States 
south  of  Virginia,  southward  to  Texas,  since  1902,  and  in  some 
localities  and  during  some  years  it  has  killed  a  large  amoxmt  of  timber. 
It  is  therefore  a  constant  menace  to  the  pine  timber  of  the  Southern 
States. 

EVIDENCES   OF  ATTACK. 

The  first  external  evidence  that  living  trees  are  being  attacked  by 
this  species  is  the  presence  of  pitch  tubes  (fig.  22)  on  the  upper  to 
middle  trunk,  or  of  reddish  boring  dust  lodged  in  the  loose  bark  and 

around  the  base  of 
the  trees.  If  the 
attack  is  sufficient 
to  kill  the  trees,  the 
presence  of  the  in- 
sect will  be  indicat- 
ed in  about  two 
weeks  by  the  fading 
and  yellowish  ap- 
pearance of  the 
leaves,  and  in  about 
a  month  after  the 
attack  the  leaves 
will  be  yellowish  to 
reddish,  all  of  the 
bark  except  that  on 
the  base  of  the 
trunks  will  be  dead, 
and  the  broods  of 
the  destructive  ene- 

Fio.  26.-Table  Mountain  pine,  Mineral  County,  W.  Va.,  seven  years  Day  will  be  ready  tO 
after  it  waa  killed  by  the  southern  pine  beetle.  (Original,  from  ^nierS^e  Or  will  have 
photograph.)  J  4*i.^« 

emerged.  After 
the  leaves  have  become  reddish  brown  practically  all  of  the  broods 
will  be  out.  Positive  evidence,  however,  that  the  above-described 
external  conditions  are  caused  by  this  beetle  is  obtained  only  by 
authentic  identification  of  specimens  of  the  insect  or  its  work  taken 
from  the  affected  trees.  The  presence  of  the  insect  in  destructive  and 
dangerous  numbers  is  indicated  by  frequent  patches  of  dying  pine  or 
spruce  during  July,  August,  and  September,  and  the  sudden  death 
of  the  timber  over  large  areas  will  indicate  a  destructive  invasion 
requiring  prompt  and  radical  measures  for  its  control. 
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EFFECTS   ON   COMMERCIAL   VALUE   OF  THE    WOOD. 

The  commercial  value  of  the  wood  of  trees  killed  by  this  beetle  is 
reduced  by  the  bluing  of  the  sap  wood  (fig.  29),  often  before  the  leaves 
begin  to  turn  yellow,  though  the  heartwood,  especially  of  the  larger 
spruce  and  yellow  pine,  usually  remains  sound  for  many  years  after 
the  trees  die;  both  the  sap  and  heartwood  of  the  smaller  trees,  and 
even  of  the  large  pitch,  loblolly,  and  Table  Mountain  pine,  deteriorate 
rapidly  (figs.  26,  27),  and 
therefore  must  be  utilized 
immediately  after  the 
trees  begin  to  die,  in  order 
to  save  anything  of  com- 
mercial value. 

Serious  losses  of  a  sec- 
ondary nature,  both  of 
dead  and  adjoining  living 
timber,  may  result  from 
fires  started  in  the  dead 
timber.  Therefore  the 
prompt  utihzation  of  the 
beetle-infested  trees  and 
the  prevention  of  forest 
fires  are  important  to  ob- 
viate total  destruction  of 
the  timber. 

FAVORABLE  AND  UNFAVOR- 
ABLE CONDITIONS  FOR  THE 
BEETLE. 

Favorable  conditions 
for  the  multiplication  and 
spread  of  the  beetle  are 
found  in  areas  of  large, 
matured  timber  and 
where  the  trees  are  fre- 
quently struck  by  light- 
ning, felled,  or  injured  by 
storms,  etc.,  during  the 
sunmjer .  months. 

The  odor  from  the  exposed  wood,  and  perhaps  from  the  wilting 
foliage  of  a  few  trees  cut  in  the  midst  of  a  healthy  growth  of  pine  dur- 
ing the  summer,  serves  to  attract  this  species,  apparently  from  a  long 
distance,  and  to  induce  attack  on  the  surrounding  healthy  trees. 
Therefore,  any  irregular  or  sporadic  local  cutting  of  timber  for  fuel 
or  any  limited  purpose  during  the  summer  months  furnishes  most 
89535— Bull.  83,  pt  1—09 6 


Fig.  27.— A  forest  of  Table  Sf  ountain  pine,  Mineral  County, 
W.  Va.,  seven  years  after  it  was  killed  by  the  southern 
pine  beetle.    (Original,  from  photograph.) 
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favorpble  conditions  for  the  concentration  of  individuals  from  widely- 
scattered  colonies  and  broods,  and  thus  increases  their  power  of  attack- 
ing and  killing  the  surrounding  hving  trees.  By  this  means  their 
forces  are  greatly  augmented,  and  much  of  the  surrounding  timber  is 
killed.  If  conditions  favorable  for  the  continued  concentration  of  the 
beetles  prevail  from  year  to  year,  an  invasion  like  that  of  1891  and 


Fig.  28.— Spruce  timber  killed  by  the  southern  pine  beetle,  mountains  of  Transyl- 
vania County,  N.  C.    (Original.) 

1892  may  be  started,  which  may  far  exceed  any  forest  fire  in  the 
histoiy  of  the  country,  both  in  the  extent  of  area  covered  and  in  the 
number  of  trees  of  commercial  value  killed. 

Unfavorable  conditions  for  the  multiplication  of  the  insect  and  its 
destructive  attack  on  living  timber  will  be  found  in  large  areas  where 
the  older  matured  trees  have  been  removed  and  where  continued 
timber-cutting  operations  are  carried  on  under  some  regular  system  of 
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forest  management,  as  also  where  there  are  regulations  governing  the 
time  of  year  when  the  timber  shall  be  cut,  in  both  regular  and  irregu- 
lar operations,  as  well  as  the  time 
when  lightning-struck  and  other- 
wise injured  trees  shall  be  removed 
or  barked. 

METHODS    OF   CONTROL. 

In  order  effectually  to  destroy 
the  insect,  it  is  only  necessary  to 
remove  the  infested  bark  from  the 
trunks  and  bum  it.  It  is  entirely 
unnecessary  to  bum  or  otherwise 
destroy  any  part  of  the  wood  from 
which  the  bark  has  been  removed, 
because  thedestmctive  beetle  does 
not  enter  the  wood  and  rarely 
breeds  in  the  bark  of  the  tops  and 
branches.  With  this  particular 
species,  however,  it  is  necessary 
to  bum  the  bark  after  or  before 
it  is  removed,  because  the  ma- 
tured larvae,  pup8B,  and  adults 
pass  the  winter  in  the  outer  dry 
bark,  where  they  would  oth^erwise 
survive  and  emerge  in  the  spring, 
to  attack  other  trees. 

In  localities  or  areas  of  greater 
or  less  extent  where  it  has  been 
positively  determined  that  the 
timber  is  attacked  and  killed  by 
this  beetle,  the  principal  groups 
of  trees  which  are  actually  in- 
fested with  the  broods  should 
be  located  in  the  period  from 
November  to  March,  and  the 
standing  trees,  including  all  of 
the  larger  ones,  so  infested  should 
have  the  bark  removed  from 
the  main  tmnks  or  be  felled 
and  barked,  or  the  entire  tmnk 
scorched,  burned,  placed  in  water, 
or  converted  into  lumber  and  the 
slabs  burned,  as  in  each  case  is  more  practicable  or  advisable.  In 
the  northern  section  this  work  should  be  begun  not  earlier  than  the  1st 


Fig.  29. — The  southern  pine  beetle:  Section 
of  pine  trunk,  bark  removed,  showing 
the  galleries  marked  on  surface  of  wood 
and  the  dark  patches  caused  by  the  blue- 
ing fungus.    ( Original . ) 
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of  November  and  completed  not  later  than  the  1st  of  April,  and  in 
the  southern  section  it  should  be  begun  in  December  and  completed  in 
February.     If  at  least  75  per  cent  of  the  infested  trees,  including  all  of 


Fio.  ao.— Egg  galleries  and  larval  mines  of  the  southern  pine  beetle,  and  larval  mines 
of  roundheaded  bark-borer.    (Original.) 

those  in  the  larger  patches,  within  10  or  15  square  miles  are  thus 
treated,  it  should  destroy  enough  of  the  broods  to  protect  the  remain- 
ing timber  for  several  years.     If,  then,  this  practice  is  followed  up 
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whenever  small  patches  of  infested  timber  are  found  it  should  serve  to 
keep  this  enemy  under  complete  control. 

Summer  operations  in  the  feUing  and  barking  of  infested  trees  are 
not  to  be  recommended  except  in  special  cases,  when,  for  example, 
it  is  desirable  under  a  clear-cutting  system  to  include  the  healthy 
timber  with  the  infested,  or  when  practically  all  of  the  timber  over  a 
large  area  is  infested  during  the  spring  and  simimer;  otherwise,  if  only 
the  infested  trees  are  cut  and  healthy  ones  left,  the  felled  and  barked 
trees  attract  the  flying  beetles  to  the  locality,  and  thus  the  death  of  a 
large  amount  of  the  surroimding  healthy  timber  results. 

If  it  is  desirable  to  make  clear  cuttings  during  the  summer,  to 
include  small  or  laige  areas  of  infested  timber,  it  should  be  done 
during  the  principal  periods  of  larval  development — August  and 
September  in  the  northern  section,  and  from  July  to  October  in  the 
southern  section. 

Whenever  it  is  desirable  to  protect  a  small  or  large  estate,  or  a 
particularly  valuable  section  of  the  forest  surrounded  by  forested  areas 
in  which  the  infested  timber  can  not  or  will  not  be  cut  and  barked, 
the  greatest  precautions  should  be  taken  to  prevent  the  cutting  of 
pine  timber  for  any  purpose  during  the  spring,  summer,  and  early 
fall.  The  only  exception  would  be  lightning-struck  or  storm-broken 
and  felled  trees,  which,  under  certain  conditions,  should  be  cut  and 
removed,  or  burned  with  the  tops,  if  possible,  the  next  day  after  the 
injury  occurs.  If  the  logs  are  removed  the  tops  should  be  burned 
over  the  stimips. 

If  pine  cord  wood  is  cut  during  the  summer,  it  should  be  done  under 
the  clear-cutting  system  and  confined  to  a  section  of  the  forest  away 
from  the  more  valuable  timber  which  it  is  desirable  to  protect  from 
insect  attack.  Cord  wood,  new  lumber,  etc.,  should  never  be  piled 
in  proximity  to  living  pine  trees,  neither  should  building  operations 
involving  the  use  of  new  pine  lumber  or  fresh  paint  be  conducted 
during  the  summer  in  or  near  a  desirable  grove  of  pine  or  spruce.  All 
of  the  above  relates  especially  to  sections  wTiere  the  heeUe  is  present 
in  the  surrounding  forest. 

Some  experiments  conducted  by  Mr.  W.  F.  Fiske,  while  working  on 
forest  insects,  indicate  that  if  the  infested  trees  are  felled  in  November 
and  December  and  left  flat  on  the  ground  and  the  upper  side  of  the 
trunk  IB  scored  or  blazed  so  as  to  facilitate  the  entrance  of  water  from 
rains  and  melting  snows,  the  broods  will  be  killed  by  the  abnormal 
wet  condition  of  the  inner  bark. 

When  the  infested  timber  is  near  streams  or  ponds  the  broods  may 
be  destroyed  by  placing  the  unbarked  trunks  or  logs  in  the  water,  pro- 
vided the  work  is  done  before  the  broods  begin  to  emerge. 
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Whenever  the  infested  tunber  can  be  utilized  for  lumber  the  burning 
of  the  bark  and  slabs  is  all  that  is  necessary. 

BASIS   OF    INFORMATION. 

Information  on  this  species  is  based  on  investigations  by  the  writer 
for  the  West  Virginia  Agricultural  Experiment  Station  in  many 
localities  in  West  Virginia,  July,  1891,  to  December,  1896;  for  the 
United  States  Department  of  Agriculture  at  Fletchers,  N.  C,  July 
and  November,  1902;  at  Tryon,  N.  C,  July,  1902,  March,  1903,  and 
July,  1904;  at  Boardman,  N.  C,  Inman,  N.  C,  and  Kirbyville,  Tex., 


Fio.  31.— The  southern  pine  beetle:  Distribution  map.    (Author's  illustration.) 

November,  1902;  at  Pink  Beds  and  Pisgah  Ridge,  N.  C,  July,  1904;  at 
Virginia  Beach,  Va.,  November  and  December,  1907,  and  April,  May, 
and  June,  1908;  by  W.  F.  Fiske  at  Tryon,  N.  C,  March  to  September 
and  December,  1903,  April  to  December,  1904,  March  to  December, 
1905,  and  May,  June,  and  July,  1906;  at  Clyo,  Ga.,  August,  1903;  at 
Pisgah  Ridge,  N.  C,  September,  1903,  and  September,  1904;  at  Corne- 
lia, Ga.,  November,  1903;  at  Chicora,  S.  C.,  November,  1904;  at 
Call,  Tex.,  February  and  November,  1905;  at  Beaumont  and  Dewey- 
ville,  Tex.,  Thomasville,  Ga.,  Montgomery,  Ala.,  Wilson  and  Singer, 
La.,  and  Pink  Beds,  N.  C,  March,  1905;  at  Ducktown  and  Wetmore, 
Tenn.,  EUijay,  Ga.,  October,  1905,  and  Green  Bay,  Va.,  June,  1906. 
Additional  localities  through  correspondence  and  from  other  collections 
are  Calhoun,  Ala. ;  Green  Bay,  Cobbs  Island,  Glen  Allen,  and  Auburn 
Mills,  Va.;  Hampton,  Ark.;  Demorest,  Ga.;  Indian  Territory,  and 
Haw  Creek,  Fla.     The  species  is  represented  in  the  forest-insect  col- 
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Fig.  82.— The  European  barkbeetle-destroyer  {Clenis  formicarius),  introduced  from  Europe  in  1892- 
1893: «  A,  Adult,  dorsiil  aspect,  natural  size  at  right;  B,  adult,  showing  attitude  when  feeding  on 
barkbeetle;  C,  pupa  and  details;  D,  larva  and  details.    Greatly  enlarged.    ( Author's  illustration.) 


a  Hopkins.  1899a,  pp.  L>97-231. 
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lection  of  the  Bureau  of  Entomology  by  65  specimens  in  the  West 
Virginia  Agricultural  Experiment  Station  collection  and  by  more  than 
160  in  the  general  Bureau  of  Entomology  collection. 
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No.  5.    THE  ARIZONA  PINE  BEETLE. 
(DendrocUmiLS  arizonicus  Hopk.    Figs.  33, 34.) 

The  Arizona  pine  beetle  (fig.  33)  is  a  somewhat 
elongate,  brown  to  black  beetle,  from  4  to  5  mm. 
long,  with  broad  grooved  head,  sides  of  prothorax 
but  slightly  narrowed  toward  the  head,  finely  to 
rather  coarsely  punctured,  and  elytra  with  slightly 
coarse  rugosities  toward  the  base  and  declivity,  the 
latter  with  a  few  long  hairs.  (See  fig.34.)  It  attacks 
healthy,  injured,  and  felled  western  yellow  pine  in 
central  Arizona,  and  evidently  excavates  galleries 
similar  to  those  of  the  southwestern  pine  beetle, 
with  which  it  is  usually  confused.  The  larvae 
make  concealed  food  burrows  in  the  inner  bark,  and  transform  to 
pupae  and  adults  in  individual  cells  in  the  outer  bark.  Like  the  other 
species,  its  destructive  work  would  be  indicated  by  pitch  tubes  on 
the  trunk  and  by  the  fading  yellowish  to  reddish  foliage. 

SEASONAL   HISTORY. 

This  species  was  not  recognized  as  distinct  from  the  southwestern 
pine  beetle  until  after  the  principal  field  observations  had  been  made, 
and  while  many  specimens  were  collected  they  were  nearly  always 
associated  with  the  latter  in  similar  galleries;  therefore  there  is 
somewhat  meager  evidence  on  which  to  base  conclusions  relating  to 
seasonal  history,  habits,  etc.  Apparently,  however,  its  habits  are 
in  most  respects  similar  to  those  of  the  southwestern  pine  beetle. 


Pio.  88.— The  Arizona 
pine  beetle  ( Dendroc- 
tonus  arizonicus): 
Adult.  Greatly  en- 
larged. (Author's  il- 
lustration.) 
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although  it  is  distinctly  separated  by  specific  characters.  It  is  more 
nearly  related  to  the  southern  and  smaller  Mexican  pine  beetles  than 
to  any  other  species,  and  therefore  it  may  be  found  that  it  has  two 
generations,  and  a  partial  third,  annually.  It  is  also  probable  that 
under  isolation  and  favorable  conditions  it  may,  like  the  southern 
pine  beetle,  become  very  destructive.  (See  "Economic  features" 
and  "Methods  of  control"  under  Nos.  1,  2,  and  4.) 

BASIS   OF  INFORMATION. 

Data  regarding  this  species  were  obtained  through  investigations 
by  the  writer  at  Williams,  Ariz.,  September,  1902,  and  Flagstaff, 
Ariz.,  May,  1904,  and  by  J.  L.  Webb  at  Flagstaff  and  WilUanis,  Ariz., 


Fio.  84.~The  ArizoDa  pine  beetle:  Distribution  map.    (Author's  illustration. ) 

May  to  September,  1904,  and  Flagstaff,  Ariz.,  August,  1907.  It  is 
represented  in  the  forest-insect  collection  of  the  Bureau  of  Entomology 
by  over  50  specimens. 

This  species  can  be  easily  distinguished  from  No.  2,  with  which  it 
agrees  in  size,  by  the  long  hairs  on  the  declivity  of  the  elytra,  and 
from  the  smaller  examples  of  No.  8  by  the  fine  punctures  of  the  striae 
of  the  declivity,  from  No.  3  by  the  grooved  head,  and  from  No.  6,  to 
which  it  is  closely  allied,  by  the  distinctly  more  pubescent  pronotum 
and  elytra. 

BIBLIOGRAPHY. 

Hopkins,  1909,  pp.  95-97. 
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No.  6.    THE  SMALLER  MEXICAN  PINE  BEETLE. 

{Dendroctonus  mexicanu8  Hopk.     Figs.  35,  36.) 

The  smaller  Mexican  pine  beetle  (fig.  35)  is  a  dark  brown,  elongate, 
cylindrical  barkbeetle,  ranging  in  length  from  3  to  4  mm.,  with  head 

broad  and  grooved,  prothorax 
but  slightly  narrowed  toward 
the  head,  and  punctured,  and 
elytra  with  coarse  rugosities 
toward  the  base  and  declivity, 
the  latter  with  long  hairs.  It 
attacks  pine  trees  in  Mexico, 
where  a  large  amount  of  timber 
has  died  in  certain  localities,  evi- 
dently owing  to  the  work  of  this 
and  the  larger  Mexican  pine  bee- 
tle. It  excavates  winding  egg 
galleries  (fig.  35)  through  the  in- 
ner bark,  the  larval  mines  being 
concealed,  like  those  of  the  west- 
em  and  southwestern  pine  bee- 
tles, beneath  the  inner  surface 
of  the  bark.  Very  little  appears 
to  be  known  of  the  seasonal  his- 
tory and  habits  of  this  species, 


Fig.  35.— The  smaller  Mexican  pine  beetle  (l>en- 
droctonua  mexicanus):  Adult,  greatly  enUi^ed, 
and  section  of  egg  gallery,  slightly  enlarged. 
(Author's  Illustrations.) 


1 

•J 
V 

Fig.  36.— The  smaller  Mexican  pine  beetle:  Distribution  map.    (Author's  illustration.) 

but  evidently  they  will  be  quite  similar  to  those  of  the  southwestern, 
southern,  and  Arizona  pine  beetles.  It  will  therefore  be  subject  to 
the  same  general  treatment  for  its  control,  namely,  the  removal  and 
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burning  of  the  infested  bark  during  the  principal  period  of  larval 
development  and  during  the  inactive  or  overwintering  periods,  if  such 
are  found  within  its  range. 

This  species  has  not  been  recognized  within  the  United  States,  but 
it  is  not  improbable  that  it  may  be  found  in  the  pine  forests  of  south- 
em  Arizona  and  New  Mexico. 

The  writer  has  identified  thirty-six  specimens  received  from  Prof. 
A.  L.  Herrera  and  Dr.  S.  J.  Bonansea,  collected  from  pine  in  Ame- 
cameca,  Michoacan,  and  Tacubaya,  Mexico. 

BIBLIOGRAPHY. 
Hopkins,  1906c,  p.  80;  Hopkins,  1909,  pp.  97-99. 

No.  7.    THE  LARGER  MEXICAN  PINE  BEETLE. 
{Dendroctonus  parallelocollis  Chap.     Figs.  37-39.) 

The  larger  Mexican  pine  beetle  is  a  somewhat  elongate,  cylin- 
drical, dark  brown  to  black  barkbeetle,  5  to  6  mm.  in  length,  with 
broad,  deeply  grooved  head;  broad  pro  thorax,  with  sides  nearly 
parallel  and  but  slightly  narrowed  toward  the  head,  and  elytra  with 
dense,  moderately  coarse  rugosities,  the  declivity  with  coai-se  punc- 
tures and  long  erect  hairs.  (See  fig.  37.)  It  attacks  living  pine 
trees  in  Mexico,  excavating  coarse,  slightly  winding,  longitudinal 
or  oblique  and  sometimes  branched  egg  galleries  (fig.  38)  through 
the  inner  bark.  The  larval  mines  are  evidently  concealed  beneath  the 
inner  layers  of  bark,  and  the  larvae  evidently  transform  to  pupae  in 
separate  cells  in  the  outer  bark.  It  is  usually  associated  with  the 
smaller  Mexican  pine  beetle  in  the  same  tree. 

Very  little  appears  to  be  known  in  regard  to  the  seasonal  history 
of  this  species,  but  it  is  so  closely  related  to  the  Colorado  pine  beetle 
in  general  characters  that  it  is  probably  quite  similar  in  seasonal 
history  as  well  as  in  habits  and  in  the  character  of  injury  to  the 
trees,  except  in  such  minor  differences  as  may  be  brought  about  by 
its  more  southern  range.  It  is  evident  that  the  unhealthy  and  dying 
condition  of  the  pine  in  certain  localities  in  Mexico,  which  has  been 
reported  from  time  to  time,  is  caused  largely  by  this  species  and  by 
the  smaller  Mexican  pine  beetle. 

Ten  specimens  of  the  beetle  and  one  of  the  galleries,  received  from 
Prof.  A.  L.  Herrera,  collected  in  Michoacan,  etc.,  have  been  examined 
and  identified  by  the  writer. 

If  this  species  is  found  overlapping  the  range  of  the  Colorado  pine 
beetle,  it  can  be  distinguished  from  that  species  by  the  slightly 
longer  prothorax,  with  sides  more  parallel  and  less  narrowed  toward 
the  head. 

BIBLIOGRAPHY. 
Hopkins,  1906,  pp.  80-81;  Hopkinn,  1909,  pp.  99-101. 
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Fio.  37.— The  larger  Mexican  pine  beetle  Fio.  88.— The  larger  Mexican  pine  beetle:  Sec- 

{Dendroctonua    paraUelocoUit):     Adult.  tlon  of  egg  gallery.    Reduced.    (Author's  ill. "> 

Greatly  enlarged.    (Author'M  ill.) 


Fio.  39.— The  larger  Mexican  pine  beetle:  DiKtribution  map.    (Author's  iUuBtratlon.) 
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No.  8.    THE  COLORADO  PINE  BEETLE. 
(DendrocUmtus  approximatus  Dietz.    Figs.  40-43.) 

The  Colorado  pine  beetle  (fig.  40)  is  a  somewhat  elongate,  cylin- 
drical, dark  brown  to  black  barkbeetle,  4  to  7.4  mm.  in  length, 
with  broad,  deeply  grooved  head;  prothorax  broad,  punctured,  and 
but  slightly  narrowed  toward  the  head,  and  elytra  with  dense,  mod- 
erately coarse  rugosities,  the  declivity  with  coarse  punctures  and  long, 
nearly  black,  erect  hairs.  It  attacks  injured,  dying,  and  healthy  west- 
em  yellow  pine, from  centralColorado and  Utah  to  southern  Arizona 
and  New  Mexico.  It  excavates  long,  slightly  winding,  longitudinal 
and  sometimes  transverse,  and  branched  egg  galleries  through  the 
inner  living  and  dying  bark,  and  grooves  the  surface  of  the  wood 
(fig.  41);  the  larval  mines  are  usually  concealed  beneath  the  inner 
bark  and  the  larvae  usually  transform  to  pupae  and  adults  in  the 
outer  bark.  It  is  nearly  always  associated  with  one  or  more  of 
species,  2,  3,  5,  and  10  in  the  same  tree. 

SEASONAL   HISTORY. 
OVER  WINTERING   STAGES. 

The  winter  is  passed  as  parent  adults,  young  adults,  young  to 
matured  larvae,  and  possibly  pupae — the  parent  adults  in  the  egg 
galleries  in  the  inner  bark  and  the  broods  in  the  outer  bark  of  trees 
attacked  the  preceding  summer. 

ACTIVITY   OP  OVERWINTERED   BROODS. 

From  the  beginning  of  warm  weather  until  in  June  the  over- 
wintered parent  adults  extend  their  old  galleries  and  excavate  new 
ones  and  deposit  eggs.  The  overwintered  broods  of  young  adults 
begin  to  emerge  from  the  trees  early  in  June  and  continue  to  come 
out  until  September  or  later.  The  overwintered  broods  of  larvae 
probably  begin  their  transformation  to  pupae  and  adults  in  June 
and  continue  to  do  so  until  September  or  later.  The  adults  begin  to 
emerge  in  June,  but  their  principal  period  of  emergence  is  in  July,  and 
they  continue  to  come  out  until  September  or  later.  It  is  probable 
that  some  individuals  or  broods  which  pass  the  winter  as  young 
larvae  may  be  retarded  in  their  development  and  pass  the  second 
winter  as  matured  larvae  or  adults. 

GENERATION. 

The  overwintered  broods  of  young  adults  evidently  begin  to 
attack  the  trees,  excavate  galleries,  and  deposit  eggs  early  in  June, 
or  earlier  in  their  southern  distribution.  The  principal  attack  is  in 
June,  July,  and  August,  but  they  continue  the  attack  until  Septem- 
ber or  later.  Some  of  the  broods  from  eggs  deposited  in  June  may 
develop  to  adults  in  September,  but  it  appears  that  they  do  not 
emerge  and  that  the  majority  of  the  broods  of  this  generation  pass 
the  winter  as  larvae,  young  adults,  and  parent  adults. 
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There  is,  therefore,  but  one  generation  annually,  and  it  is  probable 
that,  like  the  roundheaded  pine  beetle,  some  individuals  of  the  same 
generation  may  not  complete  their  development  until  the  second 
year,  and  that  some  adults  may  live  over  and  deposit  eggs  the  third 
year. 

HABITS. 

The  habits  of  this  species  appear  to  be  similar  to  those  of  the  round- 
headed  pine  beetle,  with  which  it  is  frequently  associated  in  the  same 

tree.  The  character  of  the  primary 
or  egg  gallery  is  distinguished  by  the 
larger,  coarser  appearance  and  by  the 


Flo.  40.— The  Colorado  pine  beetle  (Z>cti- 
drocUmus  approximatus) :  Adult.  Greatly 
enlarged.    (Author's  11  hwtrat  ion.) 

absence  of  exposed  larval  mines  on  the  in- 
ner surface  of  the  bark.  The  character  of 
the  primary  galleries  is  shown  in  figures 
41  and  42.  It  appears  that  while  some 
of  the  larvae  may  transform  to  adults  in 
the  inner  bark,  the  majority  of  them 
transform  in  separate  cells  in  the  outer 
bark.  The  flight  and  food  habits  of  the 
adults  are  evidently  similar  to  those  of 
the  other  species. 

ECONOMIC    FEATURES. 

This  species  has  been  found  attacking  perfectly  healthy  trees  in 
sufficient  numbers  to  kill  them.  Therefore,  if  it  should  become 
isolated,  and  under  favorable  conditions  multiply  rapidly,  it  might 
easily  become  very  destructive.     As  a  rule,  however,  it  prefers  to 


Fig.  41.— The  Colorado  pine  beetle: 
Single  egg  gallery.  Reduced. 
(Author's  Illustration.) 
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breed  in  injured,  dying,  and  felled  trees,  in  company  with  one  or 
more  of  the  other  species.  (See  also  general  discussion  under  '*  Char- 
acter and  Extent  of  Depredations'*  and  ''General  Methods  of  Con- 
tror'  (pp.  4  and  29-36),  and  "Economic  Features,**  etc.,  for  Nos.  1, 
2,  and  4. 

BASIS    OF    INFORMA- 
TION. 

Information  re- 
garding this  bark- 
beetle  is  based  on 
investigations  by  the 
writer  at  Williams, 
Ariz.,  September, 
1902,  at  FlagstaflF, 
Ariz.,  in  1904,  and  at 
Palmer  Lake,  Colo., 
October,  1905;  by 
Mr.  J.  L.  Webb  at 
FlagstaflF,  Ariz.,  May 
to  September,  1904, 
in  the  Capitan  Moun- 
tains, and  White 
Mountains,  and  at 
Cloudcroft,  N.  Mex., 
and  in  the  Santa 
Catalina  National 
Forest,  Rincon 
Mountains,  and  Chu*- 
icahua  National  For- 
est, Arizona,  May  to 
September,  1907 ;  by 
Mr.  W.  F.  Fiske  at 
Capitan,  Cloudcroft, 
and  Meeks,  N.  Mex., 
March  to  May,  1907; 
by  Mr.  H.  E.  Burke  J  \ 
at  Kamas,  Pan-  Ct^m 
guitch,  and  Pan- 
guitch  Lake,  Utah, 
July,  1907;  by  Mr.  W.  D.  Edmonston  at  Brookvale,  Monte  Vista,  and 
Laveta,  Colo.,  in  1907.  Additional  localities  through  correspondence 
and  from  other  collections  are  the  Chiricahua  Mountains,  New  Mexico ; 
Paradise  and  Show  Low,  Ariz.,  and  Glenhaven,  Colo.     It  is  repre- 


Fio.  42.— The  Colorado  pine  beetle:  Egg  galleries.    Reduced. 
{ Author's  illustration. ) 
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sented  in  the  forest-insect  collection  of  the  Bureau  of  Entomology  by 
more  than  150  specimens. 

This  species  is  closely  allied  to  No.  7,  of  Mexico,  and  was  at  one  time 
thought  by  the  writer  to  be  a  variety  of  it,*  but  recent  studies  indi- 
cate that  it  is  a  good  species,  distinguished  by  the  more  shining  pro- 
notum,  more  distinctly  narrowed  and  faintly  constricted  toward  the 
head,  the  hairs  on  the  sides  toward  the  base  slender  and  less  numer- 
ous. Therefore  it  is  thought  best  to  retain  it  as  a  good  species.  It 
is  easily  distinguished  from  the  other  species  associated  with  it  in  the 
same  region  by  its  elongate  form,  larger  size,  and  by  the  deep  frontal 
groove  of  the  head  and  stiff,  erect,  blackish  hairs  on  the  declivity. 


Fig.  43.— The  Colorado  pine  beetle:  Distribution  map.    (Author's  illustration.) 

BIBLIOGRAPHY. 

Schwarz,  1902,  p.  32;  Hopkins,  1903a,  p.  61;  Hopkins,  1904,  p.  44;  Hopkins,  1905, 
p.  11;  Hopkins,  1906c,  p.  81;  Hopkins,  1909,  pp.  101-104. 

No.  9.  THE  MOUNTAIN  PINE  BEETLE. 
{DendrocUmus  monticolse  Hopk.     Figs.  44-50.) 

The  mountain  pine  beetle  is  a  stout,  black,  cylindrical  barkbeetle 
3.7  to  6.4  mm.  long,  having  the  head  broad,  without  frontal  groove,  but 
with  a  short  longitudinal  impression  above  the  middle;  the  prothorax 
short,  broad,  and  punctured,  with  sides  narrowed  and  slightly  con- 
stricted toward  the  head ;  the  elytra  with  moderately  coarse  rugosi- 
ties between  rows  of  punctures,  the  latter  usually  indistinct  on  the 
sides;  the  decUvity  slightly  impressed  each  side  of  the  suture,  and 


aProc.  Ent.  Soc.  Wash.,  VII,  p.  81. 
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with  a  few  long  hairs,  the  striae  narrow,  and  the  spaces  between  quite 
broad  and  roughened  with  sparsely  placed  granules.  (See  fig.  44.) 
It  attacks  injured,  felled,  and  healthy  silver  or  western  white  pine, 
western  yellow  pine,  and  lodgepole  pine,  in  Montana,  western  Wyo- 
ming, Idaho,  Oregon,  and  Washington;  it  also  attacks  sugar  pine, 
western  yellow  pine,  and  lodgepole  pine  in  the  mountains  of  Washing- 
ton, Oregon,  and  California.  It  excavates  very  long,  nearly  straight  to 
sUghtly,  and  sometimes  strongly,  winding  egg  galleries  through  the 
inner  living  bark  and  grooves  the  surface  of  the  wood  (figs.  45,  46). 
The  eggs  are  placed  in  approximate  groups  at  short  intervals  along  the 
sides,  and  the  short  and  broad  to  long 
and  slender  larval  mines  are  exposed  in 
the  inner  bark;  the  larvae  transform  to 

pupae  and  adults  in  separate  cells,  exposed  ^mt-mh^^^  \^ 

or   concealed    in  the  inner  bark.     This  W^l^^^^^tm\t  I 

species  is  sometimes  associated  with  the  *  m^-.-ii'ii^a^^ML  \i 

western  pine  beetle  in  the  same  tree,  but 
usually  it  works  independently  and  oc- 
cupies the  greater  part  of  the  bark  on  the 
main  trunks.  Infested  trees  are  first  in- 
dicated by  pitch  tubes  and  later  by  the 
fading  yellow  to  reddish  foliage. 

SEASONAL   HISTORY. 
OVERWINTERING   STAGES. 

The  winter  is  passed  as  larvae,  young 
adults,  and  parent  adults,  in  the  inner 
bark  of  trees  attacked  the  preceding  sum- 
mer and  fall,  the  parent  adults  in  the  egg 
galleries  or  ventilating  burrows,  and  the 
broods  in  the  larval  mines  or  pupal  ceUs. 


FiQ.  44.— The  mountain  pine  beetle 
{Dcndroctonus  montCcolae):  Adult. 
Greatly  enlarged.  ( Author's  llluB- 
tration.) 


ACnVITY   OP   OVERWINTERED   BROODS. 


As  soon  as  the  weather  is  favorable  in  April  and  May  the  overwin- 
tered parent  adults  extend  their  incompleted  egg  galleries  or  excavate 
new  ones  in  the  remaining  Hving  bark  on  the  dying  trees  and  deposit 
^Sgs.  ThjB  overwintered  broods  of  young  adults  begin  to  emerge  in 
July.  The  principal  period  of  emergence  is  in  August,  but  the 
retarded  broods  continue  to  come  out  until  September,  or  later. 
The  broods  of  larvse  begin  to  transform  to  pupse  and  adults  in  April 
and  May  and  continue  to  do  so  until  September,  or  later.  Some  of  the 
larvae  evidently  pass  the  second  winter  as  matured  larvae  and  adults. 
The  broods  from  eggs  deposited  by  the  overwintered  parent  adults 
evidently  develop  to  adults  in  July  and  August. 
89636— BuU.  83,  pt  1—09 7 
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OBNBRATION. 


The  overwintered  broods  of  adults  begin  to  attack  the  trees,  exca- 
vate galleries,  and  deposit  eggs  about  the  first  of  August  and  continue 
to  do  so  during  August  and  September,  until  October  or  later,  but  the 
principal  period  of  attack  is  in  August.  The  larv»  begin  to  hatch 
eariy  in  August  and  begin  to  transform  to  pupae  and  adults  in  Septem- 
ber and  October.  Under  favorable  conditions  a  few  adults  may 
emerge  late  in  the  fall,  but  evidently  it  is  the  normal  habit  for  the 


Fio.  45.— The  mountain  pine  beetle:  Egg  galleries  and  larval  mines  in  bark.    Reduced. 
(Author's  illustration. ) 

broods  of  this  generation  to  pass  the  winter  as  all  stages  of  larvae,  as 
adults  in  pupal  cases,  and  as  parent  adults,  and  it  is  eyident  that  some 
individuals  of  the  delayed  broods  do  not  complete  their  development 
until  in  the  fall  of  the  year  following  and  that  some  of  them  pass  the 
second  winter  as  parent  and  young  adults.  There  is,  therefore,  but 
one  generation  annually,  with  a  possible  overlapping  of  the  generations 
of  three  years  during  the  summer. 
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This  species  apparently  prefers  to  attack  injured  and  felled  trees, 
but  is  often  found  attacking  healthy  living  ones.     It  infests  at  least 


Fio.  46.— The  moan  tain  pine  beetle:  Egsr  gralleries  and  larval  mines  grooved  in  surface  of  wood. 

(Auttior's  illustration.) 

four  species  of  pine  and  one  species  of  spruce,  and  will  doubtless  be 

found  in  other  species  of  pine  and  spruce  growing  within  its  range. 

The  parent  adults  excavate  their  long,  nearly  straight,  or  winding, 

longitudinal  galleries  through  the  living  inner  bark,  and  groove  the 
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surface  of  the  wood  of  the  main  trunk.  The  larvae  excavate  short 
and  broad,  or  long  and  slender  food  burrows  at  right  angles  to  the 
primary  gallery,  and  usually  transform  in  their  individual  pupal 
cells  exposed  in  the  inner  bark  or  between  the  inner  bark  and  wood, 
the  cells  marking  the  surface  of  the  wood.  After  the  new  broods  of 
adults  become  matured,  they  often  bore  out  the  bark  intervening 
between  the  cells  and  congregate  under  the  loose  bark  before  they 
begin  to  emerge;  some  of  them,  however,  bore  directly  out  from  the 
transformation  cells. 

Scarcely  anything  is  known  of  the  flight  habits,  but  this  species 
evidently  flies  in  swarms  late  in  the  evening  or  at  night.  It  is  not 
improbable,  however,  that,  like  its  near  relative,  the  Black*  Hills 
beetle,  it  may  at  times  swarm  during  the  day. 

ECONOMIC   FEATURES. 

While  this  species  apparently  prefers  to  attack  injured  and  felled 
trees,  it  is  in  some  localities  often  found  attacking  and  killing  the 
living  timber  over  considerable  areas.  As  a  rule,  the  largest  and  best 
trees  are  attacked  first,  and  their  egg  galleries  and  larval  mines  com- 
pletely girdle  the  trunks  from  near  the  ground  up  to  the  middle 
branches. 

The  silver  pine  or  western  white  pine  (fig.  47)  and  lodgepole  pine 
in  Idaho  and  Montana,  the  sugar  pine  (figs.  48j  49)  in  Oregon  and 
California,  and  especially  the  lodgepole  pine  in  the  Yosemite  National 
Park,  and  in  northwestern  Oregon  have  suffered  severely  from  its 
ravages. 

EVIDENCES   OP  ATTACK. 

The  first  external  evidence  of  attack  on  living  timber  is  the  pres- 
ence of  pitch  tubes  on  the  outer  bark  of  the. trunk  or  of  reddish  bor- 
ings lodged  in  the  flaky  bark  and  around  the  base  of  the  trees  with 
normal  green  foliage. 

The  second  important  external  evidence  of  attack,  and  of  infested 
trees,  is  the  fading  of  the  foliage  in  the  fall  and  spring,  followed  by  a 
yellowish  or  sorrel-top  condition  in  May  to  June,  and  by  red-tops 
during  the  period  from  July  to  September.  The  internal  evidence  is 
found  by  cutting  into  the  bark  and  revealing  the  characteristic  gal- 
leries occupied  by  the  broods,  but  positive  evidence  of  attack  or 
infestation  by  this  species  is  determined  only  by  authentic  identi- 
fication of  specimens  taken  from  the  bark.  Trees  attacked  for  the 
first  time  early  in  August  may  have  the  foliage  fading  late  in  the  fall, 
but  as  a  rule  the  foliage  remains  green  until  the  following  spring. 
The  broods  begin  to  emerge  by  the  time  the  leaves  begin  to  change 
to  the  red-top  condition,  and  are  all  out  by  the  time  all  of  the  leaves 
are  dead  and  red.     Exceptions  to  this  rule  are  frequently  found, 
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where  only  the  top  or  one  side  of  a  tree  was  killed  the  first  year,  or 
when  living  bark  remains  toward  the  base,  which  is  attacked  the 
second  year  by  the  overwintered  parent  adults  and  young  adults 
from  the  overwintered  broods.  But  it  is  safe  to  conclude  that  after 
the  leaves  are  all  dead  and  brown,  very  few  representatives  of  the 
broods  will  be  found  in  the  bark. 


Fio.  47.— Silver  or  western  white  pine  killed  by  the  mountain  pine  beetle  in  the  Priest  River  National 

Forest,  Idaho.    (Original.) 

EFFECTS   ON   COMMERCIAL  VALUE   OF  THE   WOOD. 

The  commercial  value  of  the  silver  pine,  sugar  pine,  and  lodgepole 
pine,  owing  to  the  thin  sapwood,  is  often  not  seriously  impaired  for 
many  years  after  the  trees  die,  provided  they  are  not  injured  by  fire, 
storms,  wood-boring  grubs,  and  premature  decay.  The  yellow  pine, 
with  its  thick  sapwood,  suflFers  immediate  deterioration  owing  to  the 
bluing  fungus  which  follows  the  attack  of  the  beetles,  causing  the 
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wood  to  blue  long  before  the  leaves  begin  to  fade.  Except  for  the 
secondary  injuries  by  wood-boring  insects,  fire,  etc.,  the  heartwood 
of  the  larger  trees  will  remain  sound  and  valuable  for  several  years. 
While,  however,  there  may  not  be  a  very  great  loss  from  leaving  the 
dead  timber  standing  until  the  heartwood  begins  to  deteriorate,  the 
danger  of  destruction  by  forest  fires  is  so  great  that,  in  order  to  insure 
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Fio.  48.~Two  giant  sugar-pine  trees  killed  by  the  mountain  pine  beetle,  and  one  dying  from  recent 
attack,  Yosemite  National  Park,  Gal.  Note  horse  and  man  by  dying  tree,  indicating  diameter  of 
tree  at  base.    Approximate  diameter,  8  feet.    (Original.) 

against  complete  loss,  the  attacked  and  infested  timber  should  be 
felled  and  utilized  before  the  broods  of  the  beetle  develop  and  emerge, 
or  within  two  or  three  years. 

FAVORABLE   AND   UNFAVORABLE   CONDITIONS   FOR  THE    BEETLE. 

Favorable  conditions  for  the  multiplication  and  destructive  work 
of  this  insect  are  found  in  so-called  primitive  forests  with  a  predomi- 
nance of  mature  timber,  and  where  trees  are  frequently  struck  by 
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lightning,  broken,  or  felled  by  storms,  landslides,  etc.,  or  injured  by 
fire.  Unfavorable  conditions  for  attacks  on  living  timber  will  be 
found  in  areas  of  vigorous  young  to  matured  growth  under  some 
system  of  forest  management  which  provides  for  the  utilization  of 
the  old  timber  and  especially  that  injured  by  storm,  lightning,  fire,  etc. 
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FiQ.  49.— The  mountain  pine  beetle:  Tops  of  the  trees  shown  in  figure  48.    (Original.) 
METHODS    OF   CONTROL. 

Whenever  it  is  positively  determined  that  this  species  is  killing 
the  timber  and  that  the  bark  of  living  or  dying  trees  contains  living 
broods,  the  principal  groups  of  infested  trees  should  be  located  and 
marked  during  September,  and  then  during  the  period  beginning  in 
October  and  ending  in  the  following  July  the  infested  bark  should  be 
removed  from  the  main  trunk.     The  simple  removal  of  the  bark. 
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without  burning,  is  sufficient  to  kill  the  broods  of  this  species.  If 
large  numbers  of  lightning-struck  trees,  and  those  injured  by  storms 
or  otherwise,  become  infested  during  the  summer,  they  should  be 
barked  before  the  succeeding  July.  The  felling  and  barking  of  newly- 
attacked  trees  during  August  and  September  is  not  to  be  recommended 
for  this  species. 

This  species,  unlike  D.  ponderosse,  is  attracted  to  injured  and 
felled  trees,  and  therefore  may  be  trapped  to  a  limited  extent  in  trees 
felled  during  July  and  August,  and  may  be  destroyed  by  removing 
the  bark  any  time  between  October  and  the  following  July.  This 
may  or  may  not  provide  sufficient  breeding  places  in  the  felled  trees 
and  stumps  to  prevent  attacks  on  living  timber. 

Whenever  it  is  necessary  or  desirable  to  destroy  the  broods  of 
this  insect  in  the  logs,  stumps,  and  tops,  the  timber  sales  or  timber- 
cutting  regulations  relating  to  Uving  timber  should  require  that  if 
the  slash  from  winter,  spring,  and  summer  cutting  is  to  be  burned  it 
should  be  done  during  the  succeeding  fall,  winter  or  spring,  and  that 
the  work  be  completed  before  the  first  of  the  succeeding  July.  Sum- 
mer burning,  to  destroy  the  broods  of  this  species,  is  undesirable  and 
entirely  unnecessary  if  it  can  be  done  later. 

The  regulations  relating  to  infested  timber  should  require  that  the 
first  work  be  directed  either  to  removing  the  infested  bark  from  the 
main  trunks  of  the  standing  trees  or  to  felling  and  barking  the  trees, 
or  to  utilizing  the  timber  and  burning  the  slabs,  so  that  this  essential 
part  of  the  work  may  be  completed  within  the  specified  time,  after 
which  the  logging  operations,  including  the  disposal  of  the  barked 
and  old  dead  timber,  or  of  the  living  timber,  if  the  last  is  included 
in  the  sale,  may  be  prosecuted  until  it  is  time  to  begin  the  barking 
operations  the  following  October,  on  any  new  infestation  which  may 
appear  within  the  area  covered  by  the  sales. 

The  lodgepole  pine,  with  its  very  thin  bark,  offers  more  favorable 
conditions  for  combating  this  enemy  than  the  thick-barked  western 
yellow  pine  and  sugar  pine.  While  the  parent  adults  may  attack 
the  thinner  bark  on  the  upper  portion  of  the  trunk  and  on  smaller 
trees,  it  is  only  in  the  thicker  bark  on  the  lower  portion  of  the  trunk 
of  the  medium  to  larger  trees  that  the  broods  will  reach  their  best 
development.  Therefore,  while  many  trees  may  be  killed  by  the 
beetles,  the  removal  of  the  infested  bark  from  the  lower  portion 
of  the  trunks  of  a  comparatively  few  of  them  may  be  all  that  is  nec- 
essary, and  since  this  bark  can  be  removed  from  the  standing  timber 
the  work  need  not  be  expensive.  In  fact,  it  may  be  desirable  and 
more  practical  to  give  the  infested  trees  to  anyone  who  will  bark 
them  within  the  specified  time. 

Whenever  the  infested  timber  is  in  the  vicinity  of  streams  or  lakes 
the  insects  may  be  destroyed  by  placing  the  imbarked  logs  in  the 
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water.  Scorching  the  bark  or  burning  the  timber  outright,  or  utiliz^ 
ing  it  and  burning  the  slabs,  may  answer  the  same  purpose.  It  is 
quite  evident  that  if  the  infested  lodgepole  pine  be  cut  in  the  period 
from  September  to  February,  and  the  trunks,  logs,  or  trees  with 
infested  bark  on  them  crib-piled  in  the  open,  the  bark  will  dry 
suflBciently  to  kill  the  broods  before  they  can  develop  and  emerge. 
Hacking  or  scoring  the  bark  on  the  upper  side  of  the  logs  or  felled 
trunks  of  the  silver  pine  or  sugar  pine  during  December,  to  let  the 
water  in,  would  doubtless  kill  the  majority  of  the  broods  before 
the  time  for  them  to  emerge.  These  suggestions  relating  to  methods 
of  treating  imbarked  timber  should  be  tried  by  the  foresters  and 
lumbermen  and  the  practical  results  reported,  as  should  all  practical 
results  from  the  adoption  of  our  recommendations.  Failures,  as 
well  as  successes,  should  be  reported. 


FiQ.  60.— The  mountaiii  pine  beetle:  Distribution  map.    (Author's  illustration.) 
BASIS   OF   INFORMATION. 

Information  concerning  this  species  is  based  on  studies  by  the  writer 
at  Grants  Pass,  Oregon,  and  Sand  Point  and  Kootenai,  Idaho,  in 
1899;  at  Priest  River,  Idaho,  in  1902,  and  in  the  Yosemite  National 
Park  and  Yosemite  Valley,  California,  June,  1904;  by  Mr.  J.  L.  Webb, 
at  Moscow,  Idaho,  in  1900;  at  Centerville,  Smithes  Ferry,  and  Collins, 
and  in  Boise  Coimty,  Idaho,  June  to  September,  1905;  by  Mr.  H.  E^ 
Burke,  at  Smith's  Ferry,  Idaho,  October,  1904;  at  Longmires  Springs, 
Wash.,  September,  1905;  at  Wawona,  Summerdale,  Little  Yosemite, 
Yosemite,  Lake  Tenaya,  Tioga  Road,  and  Soda  Springs,  Cal.,  May 
to  September,  1906,  and  at  Joseph,  Oregon,  and  in  the  Wallowa 
National  Forest,   August,  1907.     Additional  localities,  from  other 
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collections  and  through  correspondence,  are  Piedmont  and  Keystone, 
Wyq.;  Pokegama,  Ashland,  and  Washington  National  Forest  (Port- 
land), Oregon;  Columbia  Falls,  Lewis  and  Clarke  National  Forest, 
Saltese,  Missoula,  Medicine  Bow  National  Forest,  Lolo  National 
Forest  (Iron  Moimtain) ,  and  Big  Four,  Mont. ;  Coeur  d' Alene  National 
Forest  and  Weiser  National  Forest,  Idaho.  It  is  represented  in  the 
forest-insect  collection  of  the  Bureau  of  Entomology  by  more  than 
500  specimens,  including  all  stages  and  work. 

BIBLIOORAPHY. 

Hopkins,  18996  (under  Dendroctonus  n.  sp.),  pp.  15,  26;  Hopkins,  19016,  p.  67; 
Hopkins,  1902c,  p.  21;  Hopkins,  1903a,  pp.  59-60;  Hopkins,  1904  (under  ''mountain 
pine  Dendroctonus"),  pp.  19,  42,  45;  Hopkins,  1905,  p.  1;  Webb,1906,p.  22;  Hopkins, 
1909,  pp.  105-109. 

No.  10.    THE  BLACK  HILLS  BEETLE. 

{Dendroctonus  ponderosas  Hopk.    Figs.  51-69.) 

The  Black  Hills  beetle  is  a  stout,  black,  cylindrical  barkbeetle, 
4  to  7  mm.  in  length,  with  head  broad  and  without  frontal  groove, 
but  with  slight  longitudinal  impression  above  or  behind  the  middle; 
the  prothorax  short,  broad,  and  punctured,  the  sides  narrowed  and 
slightly  constricted  toward  the  head;  the  elytra  with  moderately 
coarse  rugosities  between  the  rows  of  punctures,  which  are  usually 
distinct  on  the  sides,  and  the  decUvity,  which  bears  a  few  long  hairs, 
slightly  impressed  each  side  of  the  middle  line,  the  impressed  striae 
narrow,  and  the  interspaces  broad  and  roughened  with  sparsely 
placed,  coarse  granules.  (See  fig.  51.)  The  adult  beetles  attack 
living  and  sometimes  injured  and  felled,  yellow  pine,  lodgepole  pine, 
limber  pine,  Mexican  white  pine,  white  spruce,  and  Engelmann 
spruce  from  the  Black  Hills,  South  Dakota,  to  southern  Arizona, 
and  westward  into  Utah,  and  are  very  destructive.  The  parent 
beetles  excavate  long,  nearly  straight,  longitudinal  egg  galleries 
(fig.  52)  through  the  inner  living  bark  and  groove  the  surface 
of  the  wood  on  the  main  trunk  (figs.  53,  54).  The  eggs  are  placed 
at  quite  regular  intervals,  or  more  often  arranged  in  groups  of  four 
or  five  along  the  sides.  The  short,  broad  larval  mines  and  trans- 
formation cells  are  exposed  in  the  inner  bark  and  mark  the  surface  of 
the  wood;  the  short,  whitish,  grublike  larvae  (%.  51)  transform  to 
pupae  (fig.  51),  usually  exposed  in  the  inner  bark,  and  the  broods 
usually  work  independently  of  other  species  and  occupy  exclusively 
the  greater  part  of  the  bark  on  the  main  trunks  of  the  trees.  The 
attack  causes  pitch  tubes  (figs.  55,  56)  on  the  trunk  of  the  infested 
tree^  in  the  summer  and  fall,  and  the  leaver  fade  and  turn  yellow 
and  red  the  following  season  during  the  period  from  May  to  August. 
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OVERWIKTERINQ   STAGES. 


The  winter  is  passed  in  the  inner  bark  on  trees  attacked  the 
preceding  summer  and  fall,  as  parent  adults  in  the  egg  galleries,  all 
stages  of  larvae  in  the  larval  mines  and  transformation  cells,  and  as 
broods  of  young  adults  in  transformation  cells;  but  principally 
as  larvae. 


Acnvmr  op  overwintered  broods. 


As  soon  as  warm  weather   begins  in  April  and    May  the  over- 
wintered parent  adults  extend    their  incompleted  egg   galleries  and 


Pio.  61. — The  Black  Hllla  beetle  {Dcndroctontif  ponderosa):  a,  Adult;  6,  larva;  c,  pupa,    a,  Greatly 
enlarged;  b,  c,  lete  enlarged.    (Author's  illustrations.) 

excavate  new  ones  in  the  remaining  living  bark  on  the  dying  trees 
and  deposit  eggs.  The  overwintered  broods  of  young  adults  begin 
to  emerge  from  the  trees  by  the  middle  of  July,  but  the  main  swarm 
does  not  appear  imtil  the  last  of  July  and  first  of  August.  Some  of 
the  retarded  broods  continue  to  come  out  until  October,  or  later. 
The  broods  of  larvae  begin  to  transform  to  pupae  and  adults  about 
the  middle  of  May,  and  continue  to  do  so  during  the  period  from 
Jime  until  September,   or  later,   and  begin  to  emerge  in  August. 
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The  broods  from  eggs  deposited  by  the  overwintered  parent  adults 
may  develop  to  adults  in  August  and  September,  but  evidently  remain 
in  the  bark  until  the  next  season  of  activity. 


Fig.  62.— The  Black  Hills  beetle:  Egg  galleries  and  larval  mines.    Slightly  reduced.   (Author's 

illustration.) 

GENERATION. 

The  overwintered  broods  of  young  adults  b^in  to  attack  the 
trees,  excavate  galleries,  and  deposit  eggs  toward  the  last  of  July; 
the  principal  attack  is  during  August,  but  continues  dining  Sep- 
tember and  until  October,  or  possibly  later.  The  egg^  hatch  and 
the  larvae  begin  to  feed  about  the  first  of  August.     The  principal 


Digitized  by  VjOOQ IC 


THE  GENUS  DENDROCTONUS. 


93 


activity  of  the  larvae  is  during  the  latter  part  of  August,  but  they 
continue  active  until  the  beginning  of  hibernation  in  the  fall.  The 
larvae  of  a  few  of  the  most  advanced  broods  may  begin  to  transform 
to  pupae  and  adults  toward  the  last  of  September  and  in  October, 
but  by  far  the  greater  number  overwinters  in  different  stages  of  larvae 
with  the  parent  adults.  There  is,  therefore,  but  one  generation 
each  year.  It  is  evident, 
however,  that  some  re- 
tarded individuals  from 
the  preceding  generation 
may  pass  the  second  win- 
ter as  yoimg  and  parent 
adults.  Thus,  during 
the  early  summer  there 
may  be  an  overlapping 
of  representatives  of  two 
and  even  three  annual 
generations. 

HABITS. 

This  species  appar- 
ently prefers  to  attack 
living  timber,  but  will 
breed  to  a  very  Umited 
extent  in  injured  and 
felled  trees.  It  infests 
at  least  four  species  of 
pine  and  two  species  of 
spruce,  and  will  doubt- 
less attack  other  pines 
and  spruces  (except  the 
''Douglas  spruce") 
growing  within  its  range. 
It  prefers  the  western 
yellow  pine,  or  bull  pine. 

The  largest  and  best  no.  58.-The  Black  mils  beetle:  Tree  with  bai*  removed,  show- 
trees  are  usually  at-  *^  ®^  galleries  grooved  aud  marked  on  surface  of  wood. 
J.      1      1     ^     X      1      X        fi  (Author's  illustration.) 

tacked   nrst,   but   after 

these  are  killed  it  will  attack  and  kill  the  medium  to  small  trees  and 

even  saplings  8  or  10  feet  high  or  only  a  few  inches  in  diameter. 

The  parent  adults  excavate  their  long,  nearly  straight,  longi- 
tudinal egg  galleries  in  great  numbers  through  the  inner  bark,  \Chere 
they  often  closely  parallel  each  other.  The  larvae  excavate  short 
and  broad  or  long  food  burrows  at  right  or  oblique  angles  to  the 
egg  galleries  through  the  intervening  bark,  and  transform  to  pupae 
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and  adults  in  individual  cells  at  the  farther  end  or  toward  the 
middle  of  their  larval  mines,  which  are  exposed  in  the  inner  bark 
when  it  is  removed  from  the  tree.  Both  the  egg  galleries  and  larval 
mines  cause  marks  and  grooves  on  the  surface  of  the  wood.  After 
the  new  broods  of  adults  become  matured;  they  burrow  through  the 
intervening  bark  between  their  cells,  and  congregate  in  the  general 


Fig.  54.— The  Black  Hills  beetle:  Galleries  in  bark  and  marked  on  scoring  chip.    About  one-third 
natural  size.    (Author's  illustration.) 

cavity  thus  formed,  until  the  proper  time  for  them  to  emerge,  when 
they  all  come  out  and  fly  in  swarms  to  attack  the  remaining  living 
timber. 

Sufficient  information  relating  to  the  flight  of  this  species  has 
been  secured  to  indicate  quite  conclusively  that  it  flies  in  swarms 
during  the  day,  and  probably  at  night. 
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ECONOMIC   FEATURES. 


This  species  apparently  diflFers  from  all  of  the  others  in  its  decided 
preference  for  living  timber,  in  which  it  excavates  its  egg  galleries  in 
such  a  manner  as  to  kill  the  tree  and  make  the  conditions  favorable 
for  the  development  of  its 
broods.  It  is,  therefore,  a 
primary  enemy  of  the  first 
importance,  especially  as 
related  to  the  western  yel- 
low pine  in  the  eastern  sec- 
tion of  the  Rocky  Moun- 
tain region  south  of  east- 
em  Montana.  It  has  de- 
stroyed a  vast  amount  of 
the  best  timber  in  the 
Black  Hills  National  Forest 
of  South  Dakota,  and  is 
threatening  the  destruction 
of  practically  all  of  the  best 
timber  there,  as  well  as  much 
of  the  reproduction.  It  is 
also  destructive  to  the  pine 
in  Colorado,  New  Mexico, 
and  Arizona.  There  is  evi- 
dence that  extensive  forests 
have  been  destroyed  in  Col- 
orado by  this  beetle  and  by 
resulting  forest  fires  during 
the  past  fifty  or  seventy- 
five  years. 

EVIDENCES   OP  ATTACK. 

The  first  evidence  of  at- 
tack and  infestation  on  Uv- 
ing  timber  is  the  appear- 
ance of  pitch  tubes  on  the 
bark  of  the  main  trunk,  or, 
in  the  absence  of  these,  of 
reddish  borings  lodged  in 
the  loose  bark  and  on  the 

ground  around  the  base  of  the  trees.  Tliis  is  usually  the  only  ex- 
ternal evidence  from  the  time  the  trees  are  attacked  in  the  summer 
and  fall  until  the  following  spring.  Sometimes  during  the  winter,  and 
especially  in  the  period  from  April  to  June,  the  more  noticeable  evi- 


FiG.  65.— The  Black  Hills  beetle:  o,  Pitch  tubes  on  sur- 
face of  bark,  reduced;  5,  same,  two-thirds  natural  size. 
(Author's  illustration.) 
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Fig.  56.— Work  of  the  Black  Hills  beetle  in  the  Black  Hills  National  Forest:  A,  Small  freshly  at- 
tacked fine  tree,  showing  pitch  tubes.  B,  Marks  of  primary  galleries  on  surface  of  wood  when 
bark  is  removed.  C,  Freshly  attacked  tree,  showing  pitch  tubes;  near  tree  not  attacked. 
D,  Dead  tree,  showing  where  outer  bark  has  been  removed  by  woodpeckers.  (Author's  illus- 
tration.) 
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dence  is  found  in  the  fading  foliage  which  begins  to  change  to  sorrel 
tops  in  May  and  June  and  to  red  tops  in  July  and  August.  The  finding 
of  these  conditions  within  the  region  occupied  by  this  species  will 
indicate  destructive  work  by  barkbeetles,  but  positive  evidence  of 
the  presence  of  this  species  can  only  be  determined  by  cutting  into  the 
bark  and  finding  the  characteristic  galleries  and  mines  occupied  by 
authentically  identified  beetles.  As  a  rule,  the  broods  have  left  the 
trees  by  the  time  the  leaves  are  all  dead,  and  sometimes  before  the 
leaves  have  changed  from  yellow  or  sorrel  to  red.  Exceptions  are 
frequently  found  when  but  one  side  or  the  top  of  a  tree  is  killed  the 
first  year  and  the  remaining  Uving  bark  is  infested  with  broods  of  the 
next.  It  is  safe  to  conclude,  however,  that  after  the  leaves  are  all 
dead  and  brown,  very  few  living  examples  of  this  species  will  remain 
in  the  bark. 

EFFECTS   ON   COMMERCIAL  VALUE   OF  THE   WOOD. 

Owing  to  the  thick  sapwood  of  the  western  yellow  pine,  the  com- 
mercial value  is  reduced  for  certain  purposes  by  a  bluing  condition, 
which  affects  it  soon  after  the  trees  are  infested  by  the  beetles  in 
August  and  September  and  long  before  the  leaves  begin  to  fade. 
The  heartwood  of  large  trees  is  not  usually  reduced  in  value  for  several 
years  after  the  trees  die,  provided  they  do  not  suffer  from  subsequent 
injury  by  storm,  fire,  wood-boring  insects,  or  premature  decay.  If 
left  standing,  however,  with  the  bark  on,  until  the  branches  and  tops 
begin  to  fall,  the  loss  from  decay  may  be  complete.  On  the  other 
hand,  if  the  bark  be  removed  from  the  trunks  of  the  standing  trees, 
the  heartwood  will  remain  sound  for  many  years  longer. 

The  danger,  however,  of  the  total  destruction  of  the  dead  timber 
by  forest  fires  is  so  great  that  in  order  to  insure  against  such  losses, 
and  at  the  same  time  destroy  the  broods  of  insects,  the  insect-killed 
timber  should  be  utilized  before  the  insects  emerge. 

FAVORABLE  AND  UNFAVORABLE   CONDITIONS  FOR  THE   BEETLE. 

Favorable  conditions  for  the  multiplication  and  destructive  work 
of  this  species  are  found  in  somewhat  isolated  forests  witli  a  predomi- 
nance of  large  mature  timber.  Unfavorable  conditions  for  destruc- 
tive outbreaks  will  be  found  in  forests,  isolated  or  not,  which  are  kept 
under  a  system  of  forest  management  or  regulations  which  provide 
for  the  utilization  of  the  mature  timber  and  the  barking  of  trees 
injured  by  lightning  or  dying  from  any  cause,  before  the  broods  of 
msects  develop  in  the  bark  and  emerge. 
89535— Bull.  83,  pt  1—09 8 
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METHODS   OF  CONTROL. 


Whenever  it  is  positively  determined  that  this  species  is  attacking 
living  pine  timber  in  a  given  locality  and  that  the  bark  of  living  and 
dying  trees  contains  living  parent  adults  or  developing  broods,  active 
and  radical  measures  should  be  promptly  adopted  for  its  control. 

The  simple  removal  of  the  infested  bark  from  the  main  trunks  of  the 
trees,  without  burning  it,  is  sufficient  to  kill  the  broods  of  this  species, 
provided  the  work  be  done  between  the  first  of  October  and  the  first 

of  June.  If,  in  the  case  of  a  mod- 
erate outbreak,  the  larger  clumps  or 
patches  of  infested  trees  and  the  more 
accessible  scattering  ones  in  the  worst 
affected  sections  of  a  forest  are  thus 
treated,  it  should  serve  to  bring  the 
pest  under  control  the  first  year,  but 
in' the  case  of  a  very  extensive  out- 
break this  may  require  two  or  three 
years  or  more. 

If  all  of  the  infested  trees  can  be 
barked  or  utilized  and  the  slabs 
burned  without  much  additional  ex- 
pense, it  may  be  best  to  do  so,  but 
where,  for  any  reason,  this  can  not 
be  done  within  the  specified  time,  the 
work  should  be  planned  so  as  to  in- 
sure the  barking  or  utilization  of  all 
of  those  in  the  larger  patches,  or  an 
aggregate  of  75  per  cent  of  the  in- 
fested trees  to  each  square  mile. 

If  the  bark  be  removed  from 
the  standing  trees  (figs.  57,  58),  an 
aggregate  of  75  per  cent  or  more  of 
the  actually  infested  bark  should 
be  removed  from  all  of  the  trees, 
or  all  of  the  infested  bark  should  be 
removed  from  75  per  cent  of  the 
trees.  -The  work  shovld  he  planned 
and  conducted  with  tlie  object  of  destroying  tJie  greatest  possible  number 
of  insects  for  tlie  labor  and  time  expended.  That  is,  if  there  are  more 
infested  trees  than  can  be  barked  within  the  specified  time,  and  five 
or  six  times  as  many  insects  can  be  killed  by  removing  half  of  the 
infested  bark  from  the  standing  trees  as  can  be  done  in  the  same  time 
by  felling  one  tree  and  removing  all  of  the  bark,  the  former  is  far  pref- 
erable, remembering  that  it  is  not  necessary  to  exterminate  the  enemy. 


Fig.  57.— Removing  bark  from  trunk  of 
standing  tree  with  Hpecial  barking  tool 
having  handles  of  different  lengths, 
to  destroy  broods  of  the  Black  Hills 
beetle.    (Original.) 
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but  that  it  is  necessary  to  reduce  its  numbers  beyond  the  power  of 
doing  harm. 

The  removal  of  the  infested  bark  from  at  least  the  lower  half  of 
the  standing  trees  offers  many  advantages  over  felling  the  trees  for 
the  purpose  of  barking  all  of  the  trunk.  More  insects  can  be  destroyed 
in  the  standing  trees  within  a  given  time  and  the  barked  standing 
timber  may  be  left  standing  until  suitable  facilities  can  be  provided 
for  its  utihzation ;  thus,  if  necessary,  all  of  the  specified  time  for  the 
destruction  of  the  in- 
sects may  be  devoted 
exclusively  to  the  rer 
moval  of  the  bark. 

The  barking  of  newly 
attacked  trees  in  Au- 
gust and  September  is 
not  to  be  recommended 
for  this  species.  Trap 
trees  are  of  httle  or  no 
service  in  combating  it 
and  continued  timber- 
cutting  operations  ap- 
pear to  have  little  or 
no  influence  in  check- 
ing its  ravages  on  liv- 
ing timber. 

Recent  reports  of 
conditions  in  the  vicin- 
ity of  ColoradoSp  rings, 
where  a  large  percent- 
age of  the  infested  tim- 
ber was  barked  in  1905 
and  during  the  winter 
and  spring  of  1906,  in- 
dicate most  successful 
and  satisfactory  re- 
sults.    (See  also  other  references  to  successful  control,  pp.  36-38.) 

The  depredations  in  the  Black  Hills  have  been  so  extensive  that 
little  or  nothing  has  been  accomplished  toward  the  control  of  the 
beetle,  owing  to  lack  of  sufficient  funds  and  other  facihties  for  adopt- 
ing the  radical  measures  necessary  to  accomplish  anything  of  im- 
portance. 

(For  additional  information,  see  Bulletin  No.  56,  Bureau  of  Ento- 
mology, of  which  the  above  is  a  partial  revision.) 


Fig.  58.— RemovlDg  bark  from  base  of  trunk  of  standing:  tree  with 
special  barking  tool,  to  destroy  broods  of  the  Black  Hills  beetle. 
(Original.) 
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BASIS   OF   INFORMATION. 

The  data  on  this  barkbeetle  have  been  secured  through  investiga- 
tions by  the  writer  in  the  Black  Hills  National  Forest,  September, 
1901,  August,  1902,  and  June,  1903;  at  Vermejo,  N.  Mex.,  May,  1903; 
at  Flagstaff,  Ariz.,  May,  1904;  in  the  Pike  National  Forest  and  in 
the  vicinity  of  Colorado  Springs,  Colo.,  October,  1905,  and  June, 
1906,  and  in  the  vicinity  of  Fort  Gariand,  Colo.,  June,  1906;  by  Mr. 
J.  L.  Webb,  in  the  Black  Hills  National  Forest,  South  Dakota,  May 
to  October,  1902,  and  April  to  September,  1906;  in  the  Chiricahua 
National  Forest,  Arizona,  June  to  September,  1907;  by  Mr.  H.  E. 
Burke,  at  Nemo,  S.  Dak.,  November,  1904;  at  Kamas,  Panguitch,  and 
Panguitch  Lake,  Utah,  June  to  September,   1907;  by  Mr.  W.  D. 


Fio.  69.— The  Black  Hills  beetle:  Distribution  map.    (Author's  illustration. ) 

Edmonston,  at  Larkspur,  Colo.,  July,  1906;  at  Brookvale,  Sequache, 
Poncha  Springs,  San  Juan  National  Forest,  Wagon  Wheel  Gap,  Coche- 
topa  National  Forest,  ^onte  Vista,  White  River  National  Forest, 
Uncompahgre  National  Forest,  and  Colorado  Springs,  Colo.,  January 
to  December,  1907;  in  the  San  Isabel  National  Forest,  at  Hahns  Peak 
and  Clarke,  in  the  Gimnison  National  Forest,  the  Hayden  National 
Forest,  the  La  Salle  National  Forest,  the  Ouray  National  Forest, 
the  Pike  National  Forest,  the  Routt  National  Forest,  the  San  Juan 
National  Forest,  the  Wet  Mountains  National  Forest,  and  the  White 
River  National  Forest,  Colorado  (12  national  forests),  and  at  Encamp- 
ment and  Downington,  Wyo.,  in  1908.  Additional  localities  through 
correspondence  and  other  collections  are  Palmer  Lake,  Cat  Mountain, 
Trinchera  Estate,  Fort  Collins,  Pine,  and  the  Medicine  Bow  Nationid 
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Forest,  Colorado;  Fredonia,  Ariz.;  Kanab,  Escalante,  Provo,  Aqua- 
rius National  Forest,  Utah,  and  at  Keystone,  Wyo.  It  is  repre- 
sented in  the  forest-insect  collection  of  the  Bureau  of  Entomology  by 
more  than  10,000  specimens. 

BIBLIOGRAPHY. 

Hopkins,  19026,  p.  10;  Hopkins,  1902c,  p.  21;  Hopkins,  1903a,  p.  59;  Hopkins,  19035, 
pp.  275-282;  Hopkins,  1904,  pp.  41,  43,  44;  Hopkins,  1905,  pp.  1-24;  Hopkins,  1906, 
p.  4;  Hopkins,  1907,  p.  162;  Hopkins,  1909,  pp.  109-114. 

No.  11.  THE  JEFFREY  PINE  BEETLE. 
(Dendroctonus  jeffreyi  Hopk.    Figs.  60,  61.) 

The  Jeffrey  pine  beetle  is  a  stout, 
black,  cylindrical  barkbeetle  6  to 
8  mm.  in  length;  the  head  broad, 
convex,  with  faint  grooves  behind 
and  usually  in  front  of  the  mid- 
dle; the  prothorax  stout,  broad, 
shining,  the  sides  suddenly  nar- 
rowed toward  the  head  and  the 
punctures  fine;  the  elytra  with  mod- 
erately coarse  rugosities  between 
the  rows  of  punctures,  which  are 
distinct  on  sides,  the  declivity  with 
a  few  long  hairs,  the  striae  on 
grooves  narrow,  and  the  interven- 
ing spaces  broad  and  roughened  with 
coarse  granules.  (See  fig.  60.)  It 
attacks  living  and  dying  Jeffrey  pine 
and  yellow  pine,  in  the  Yosemite 
National  Park  and  San  Bernardino 
County,  California.  It  excavates 
long,  nearly  straight,  egg  galleries 
through  the  inner  bark,  and  grooves 
the  surface  of  the  wood;  the  larval  mines  extend  from  the  sides, 
exposed  in  the  inner  bark.  The  stout,  whitish,  grublike  larvae  trans- 
form to  pupae  and  adults  in  cells  at  the  end  of  the  burrows,  and  the 
broods  occupy  the  bark  on  the  main  trunk.  The  infested  trees  are 
indicated  by  pitch  tubes  on  the  trunks  in  the  summer  and  fall,  and 
during  the  following  May  to  August  by  the  fading  and  yellowish 
foliage. ' 


Fig.  60.— The  Jeffrey  pine  beetle  {Dendroctonus 
jeffreyi):  Adult.  Greatly  enlarged.  (Au- 
thor's illustration.) 
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OVERWINTERING   STAGES. 


The  winter  is  passed  in  the  bark  on  trees  attacked  the  previous 
summer,  as  parent  adults,  larvae,  and  developed  broods  of  yoimg 
adults. 


ACmVITY  OF  OVERWINTERED  BROODS. 


The  spring  activity  of  the  overwintered  broods  appears  to  be  similar 
to  that  of  species  9  and  10.  It  appears  that  the  overwintered  broods 
begin  to  emerge  from  the  dying  trees  toward  the  last  of  July,  and  to 
enter  the  bark  of  other  trees  to  excavate  their  galleries  and  deposit 
eggs,  but  many,  and  perhaps  the  majority,  of  the  overwintered  broods 


Fio.  01.— The  Jeffrey  pine  beetle:  Distribution  map.    (Author's  illastration.) 

do  not  emerge  until  after  the  middle  of  August.  Some  of  the  broods 
of  the  first  generation  probably  develop  before  cold  weather,  but  it  is 
not  likely  that  any  of  them  emerge  before  the  following  July. 

HABFTS. 

The  habits  of  this  beetle  appear  to  be  quite  similar  to  those  of  the 
mountain  pine  and  Black  Hills  beetles.  Therefore,  while  the  details 
of  its  seasonal  history  and  habits  remain  to  be  worked  out,  enough  is 
known  to  show  that  it  is  a  dangerous  enemy  of  the  Jeffrey  and  yellow 
pine,  and  that  it  will  in  all  probability  attack  other  pines  within  its 
range.  Since  the  above  was  written  the  insect  has  been  found  to 
be  quite  destructive  to  the  Jeffrey  and  western  yellow  pine  in  northern 
California. 
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METHODS    OF   CONTROL. 


From  what  is  known  of  the  Hfe  history  and  habits  it  is  evident  that 
practically  the  same  methods  reconmiended  for  species  9  and  10  may 
be  adopted  for  the  successful  control  of  this  species. 

BASIS    OF   INFORMATION. 

Information  on  this  species  is  based  on  investigations  by  Mr.  H.  E. 
Burke  in  July  and  August,  1906,  along  the  rims  of  Little  Yosemite 
and  Yosemite,  California,  and  by  Mr.  V.  S.  Barber,  at  Sterling  and 
Chester,  Cal.,  in  1907.  Additional  localities  through  correspondence 
are  Nevada  City,  Tallac,  Pinogrande,  and  San  Bernardino,  Cal. 

This  species  is  closely  related  to  the 
mountain  pine  and  Black  Hills  beetles, 
but  is  quite  easily  distinguished  from 
them  by  the  sUghtly  more  elongate,  shin- 
ing, and  finely  punctured  prothorax.  ^  MI^'i^^^K^  il   T 

BIBLIOGRAPHY.  *-^^^''**-"  "*       * 

Hopkins,  1909,  pp.  114-116. 

No.  12.  THE  EASTERN  LARCH  BEETLE. 

(Dendroctonus  simplex  Lee.     Figs.  62-64.) 

The  eastern  larch  beetle  is  a  stout, 
reddish  to  reddish-brown,  cylindrical 
barkbeetle,  3.5  to  5  mm.  in  length,  with 
broad,  convex  head,  the  prothorax  short 
and  strongly  narrowed  and  constricted 
toward  the  head,  the  elytra  with  coarse 
rugosities  between  rows  of  indistinct 
punctures,  the  declivity  convex  and 
rather  deeply  grooved,  the  spaces  be- 
tween rather  convex,  and  the  body  sparsely  clothed  with  rather  long 
hairs.  (See  fig.  62.)  It  attacks  injured,  dying,  felled,  and  Uving 
eastern  larch,  from  New  Brunswick,  Canada,  westward  to  northern 
Michigan,  and  probably  to  the  western  and  northern  limit  of  this 
tree,  and  south  in  the  higher  AUeghenies  to  northeastern  West 
Virginia  and  western  Maryland.  It  excavates  long,  sUghtly  wind- 
ii^  6gg  galleries  in  the  inner  bark  (fig.  63)  and  grooves  the  sur- 
face of  the  wood.  The  eggs  are  placed  in  alternate  groups  of 
three  to  six,  or  more,  along  the  sides  of  the  galleries.  ^  The  short 
and  broad,  or  sometimes  long  larval  mines  extend  at  right  or  oblique 
angles,  and  are  exposed  in  the  inner  bark.  The  stout,  whitish,  grub- 
like larvae  transform  in  separate  cells  at  the  ends  of  the  burrows  in 


Fig.  62.— The  eastern  larch  beetle  f/>c?i- 
droctonus  $implex):  Adult.  Greatly 
enlarged.    (Author's  illustration.) 
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the  inner  bark.  The  broods  occupy  the  bark  of  stumps  and  logs 
and  the  trunks  of  standing  trees  from  the  ground  to  the  branches, 
or  on  into  the  tops.  Fresh  attacks  on  living  trees  cause  a  flow  of 
resin  or  red  boring  dust  in  the  loose  bark  and  around  the  base  of  the 
trees.  This  species  is  capable  of  extensive  depredations  on  the 
largest  and  best  larch,  but  apparently  prefers  to  infest  injured,  dying, 
and  felled  trees. 


Fig.  63.— The  eastern  larch  beetle:  Egg  galleries  and  larval  mines.    (Author's  illustration.) 
SEASONAL  HISTORY. 

While  comparatively  few  details  on  the  seasonal  history  of  this 
species  have  been  determined,  it  is  evident  that  it  passes  the  winter, 
principally  in  the  adult  stage,  beneath  the  bark  of  trees,  stumps,  etc., 
attacked  during  the  preceding  sununer,  and  activity  begins  with  the 
first  warm  weather  in  April,  May,  or  June.  It  also  appears  that 
there  is  but  one  generation  annually,  and,  owing  to  the  almost  com- 
plete development  of  the  broods  in  the  fall,  there  is  probably  not 
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much  overlapping  of  the  overwintered  and  new  broods  during  the 
summer.  The  broods  of  the  first  generation  begin  to  transform  to 
adults  toward  the  last  of  July,  at  which  time  all  stages  from  parent 
adults  to  freshly  transformed  ones  have  been  found. 

ECONOMIC   FEATUBES. 

Sufficient  observations  have  been  made  to  indicate  that  under 
favorable  conditions  this  may  be  a  very  destructive  species.  Like 
most  of  its  relatives,  it  attacks  the  largest  and  best  trees,  and  when 
aided  by  defoliating  insects,  like  the  larch  worm,  or  by  other  bark- 
beetles  and  bark-borers,  it  could  easily  devastate  large  forests.  It 
is  evident,  however,  that  its  preference  for  the  bark  on  the  stumps 
and  logs  of  felled  trees  and  those  injured  and  dying  from  other 
causes  renders  it  much  less  dangerous  than  most  of  the  other  species, 
and  also  much  easier  of  control  when  it  does  attack  the  Uving  timber. 

Favorable  conditions  for  its  destructive  work  will  be  foimd  in  large 
forests  of  old  matured  larch  imdisturbed  by  the  lumberman,  where 
many  trees  have  been  defoliated  by  the  larch  worm  or  injured  by 
fire,  storms,  etc.,  while  imfavorable  conditions  for  its  work  on  the 
living  timber  will  be  found  in  sections  where  continued  timber-cutting 
operations  are  carried  on  under  a  system  of  management  requiring 
the  utilization  of  the  older  living  larch  timber,  as  well  as  any  that  is 
dying  or  found  to  be  infested  with  the  beetle,  as  also  when  proper 
care  is  taken  of  the  young  timber  to  facilitate  a  vigorous  healthy 
growth. 

METHODS   OF   CONTROL. 

Whenever  it  is  positively  determined  that  the  larch  is  seriously 
injured  or  dying  from  the  ravages  of  this  species,  the  infested  trees 
should  either  be  barked,  burned,  or  placed  in  water,  and  the  stumps 
barked,  during  the  period  between  September  and  the  following  May. 
Trap  trees  felled  during  May  and  June  should  serve  to  attract  the 
beetles  away  from  hving  trees  and  thus  faciUtate  their  destruction 
by  removing  the  bark  during  the  following  fall  and  winter. 

BASIS   OF   INFORMATION. 

Information  regarding  this  barkbeetle  is  based  on  investigations 
by  the  writer  in  northeastern  West  Virginia  and  northwestern  Mary- 
land, near  Cranesville,  W.  Va.,  May,  1897,  in  northeastern  Maine, 
June,  1900,  and  in  northwestern  Michigan,  July  and  August,  1907, 
and  by  Mr.  W.  F.  Fiske  in  northwestern  Michigan,  October,  1906. 
It  is  represented  by  more  than  150  specimens  in  the  West  Virginia 
Agricultural  Experiment  Station  collection  and  by  180  specimens  in 
the  forest-insect  collection  of  the  Bureau  of  Entomology. 
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This  species  is  easily  separated  from  its  nearest  relative,  the  Doug- 
las fir  beetle,  by  its  smaller  size  and  eastern  distribution,  and  from 
eastern  forms  by  its  medium  size,  convex  and  deeply  grooved  decUvity, 
the  character  of  its  gallery,  and  its  occurrence  in  larch. 


Fio.  M.~The  eastern  larch  beetle:  Distribution  map.    (Author's  illustration.) 
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No.  13.  THE  DOUGLAS  FIR  BEETLE. 

(Dendroctonvs  pseudotstigx  Hopk.    Pigs.  65-69.) 

The  Douglas  fir  beetle  is  a  stout,  reddish  to  blackish-brown,  cylin- 
drical barkbeetle,  4  to  7  mm.  in  length,  its  head  broad,  convex,  with 
shallow  longitudinal  groove  behind  the  middle;  the  pro  thorax  short, 
broad,  pimctured,  with  sides  somewhat  roimded  and  strongly  nar- 
rowed and  constricted  toward  the  head;  the  elytra  with  rather 
coarse  rugosities  between  the  rows  of  pimctures;  the  decUvity  convex, 
with  striae  deeply  grooved  and  intervening  spaces  convex  and  nearly 
smooth  or  roughened,  and  the  body  with  numerous  long  hairs.  (See 
fig.  65.)  It  attacks  injured,  dying,  felled,  and  Uving  Douglas  fir, 
bigcone  spmce,  and  western  larch,  wherever  these  trees  grow  from 
British  Columbia  southward  into  New  Mexico,  Arizona,  and  CaU- 
fomia.  It  excavates  long,  straight,  or  slightly  winding  egg  galleries 
through  the  inner  bark,  and  grooves  the  surface  of  the  wood,  the 
eggs  being  placed  in  alternate  groups  along  the  sides;  the  long  larval 
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mines  extend  at  right  angles  from  the  main  galleries  and  are  exposed 
in  the  inner  bark,  often  marking  the  surface  of  the  wood  (figs.  66,  67, 
68).  The  stout,  whitish,  grublike  larvae  transform  to  pupae  and  adults 
in  cells,  either  exposed  or  not,  in  the  inner  bark.  The  broods  usually 
work  independently  of  the  other  species,  and  often  occupy  and 
separate  the  bark  on  the  lower  to  middle  trunks  of  standing  and 
felled  trees.  The  fresh  attack  on  living  or  freshly  felled  trees  is 
indicated  by  red  borings  at  the  entrance  to  the  galleries  and  lodged 
in  the  loose  bark  on  the  trunk  or  around  the  base;  the  leaves  of  the 
dying  trees  fade,  turn  pink- 
ish yellow,  or  remain  green  in 
the  fall  succeeding  spring  and 
summer  attack,  but  turn 
brown  during  the  winter  and 
spring. 

SEASONAL   HISTORY. 
OVERWINTERING    STAGES. 

The  winter  is  passed  in  the 
inner  bark  of  trees,  logs,  etc., 
attacked  the  preceding  spring 
and  siunmer,  principally  as 
developed  broods  of  adults, 
but  also  as  ydimg  to  matured 
larvae  and  probably  parent 
adults. 

ACTIVITY    OF    OVERWINTERED 
BROODS. 

Activity  begins  during  the 
first  warm  weather  in  April, 
when  the  parent  adults  ex- 
tend their  galleries  and  de- 
posit eggs.  The  young  adults 
of  the  developed  broods  be- 
gin to  emerge  by  the  middle  of 
April,  and  continue  to  come  out  during  Jime  or  July  or  later.  The 
overwintered,  large  larvae  evidently  complete  their  development  and 
emerge  by  the  first  of  August,  while  the  broods  of  yoimg  larvae  of 
the  possible  second  generation  from  eggs  deposited  in  the  fall  evidently 
complete  their  development  and  begin  to  emerge  in  August,  and 
continue  to  do  so  imtil  cold  weather,  when  some  will  begin  their 
second  hibernation  as  fully  developed  broods  of  adults. 


Fio.  65.— The  Douglas  fir  beetle  {Dendrodonus  pteudo- 
tsugae):  Adult  Greatly enUuKed.  (Author's illustra- 
tion.) 
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OENERATION. 

The  overwintered  broods  of  adults  begin  to  attack  the  trees, 
excavate  new  galleries,  and  deposit  eggs  about  the  middle  of  April. 
The  principal  attack  is  during  April,  May,  and  June,  but  may  con- 
tinue into  July  or  later.  The  eggs  b^in  to  hatch  soon  after  they 
are  deposited,  and  the  larvae  begin  to  feed  and  continue  to  develop 
during  May,  June,  and  July,  into  August  or  later,  some  retarded 
individuals  continuing  to  feed  until  cold  weather.  They  b^in  to 
transform  to  pupae  and  adults  during  the  latter  part  of  July  and 
continue  their  transformations  during  August  until  hibernation 
begins.  There  is  some  evidence  that  a  few  of  the  more  advanced 
broods  may  emerge  during  September  and  October  and  deposit 
eggs  for  the  second  generation  during  September  and  October,  but 
it  is  probable  that  those  late-emerging  broods  are  in  the  majority  of 
cases  those  developed  from  overwintered  broods  of  yoimg  larvae  or 
from  eggs  deposited  in  the  spring  by  overwintered  parent  adults. 
It  is  very  evident,  however,  that  there  is  quite  a  complete  develop- 
ment of  the  first  generation  before  the  first  of  October,  which  accounts 
for  the  passing  of  the  winter  principally  as  fully  developed  adults. 

HABFTS. 

This  species  prefers  to  infest  the  stumps  and  logs  of  felled  trees, 
and  injured  and  dying  standing  ones,  in  which  it  breeds  in  great 
numbers,  but  in  some  localities  and  under  favorable  conditions  it 
will  attack  healthy  living  trees  and  cause  their  death.  So  far  as 
known,  it  breeds  exclusively  in  the  Douglas  fir,  bigcone  spruce,  and 
western  larch.  The  trunks  of  standing  trees  from  a  foot  in  diameter 
to  the  large  older  ones  are  attacked  from  the  ground  to  the  middle 
portion  of  the  trunk,  and  sometimes  to  the  lower  branches.  The 
stumps,  logs,  tops,  and  larger  branches  of  felled  trees  are  favorite 
breeding  places  and  are  usually  thickly  infested. 

The  parent  adults  enter  from  the  crevices  and  depressions  in  the 
bark,  excavate  entrance  burrows  through  the  outer  and  inner 
bark,  and  then  extend  their  long,  longitudinal  egg  galleries  through 
the  inner  living  or  dying  bark.  As  the  gallery  is  extended,  the  female 
places  her  eggs  in  alternate  groups  along  the  sides,  and  when  one 
gallery  is  completed  she  either  remains  in  the  gallery  until  she  dies  or 
leaves  it  to  excavate  a  new  one.  The  larvae,  upon  hatching,  b^in  to 
feed  on  the  inner  bark  and  to  extend  their  food  burrows  at  right  or 
oblique  angles  to  the  mother  gallery.  Instead  of  the  burrows  being 
short  and  broad  like  those  made  by  many  other  species,  they  are 
often  extended  to  a  length  equaling  or  exceeding  that  of  the  mother 
gallery,  and  cross  each  other  in  such  a  manner  as  to  completely 
girdle  the  tree  and  separate  the  bark  so  that  it  is  easily  removed  from 


Digitized  by  VjOOQ IC 


THE   GENUS  DENDROCTONUS. 


109 


the  wood.  The  larvae  transform  to  pupae  and  adults  in  individual 
cells  at  the  ends  of  their  burrows,  and  when  the  adults  are  fully 
matured  they  bore  through  the  intervening  bark  and  congregate  in 
broad  cavities  beneath  the  bark,  remaining  thus  over  winter,  and 
until  they  begin  to  emerge  in  the  spring.  Their  habit  of  flight  is 
not  well  known,  but  they  evidently  fly  or  swarm  in  the  evening  or 
early  part  of  the  night. 


Pig.  66.— The  Douglas  fir  beetle.  Egg  galleries  and  larval  mines:  a.  Beginning  or  basal  sections  of  egg 
galleries  in  bark;  6,  entrance;  c,  egg  gallery;  d,  ventilating  hole;  e,  eggnest;/,  abnormal  branch; 
g,  larval  mines;  h,  egg  gallery  packed  with  borings;  i,  subsequent  passage  or  inner  gallery  through 
borings.    (Author's  illustration.) 

ECONOMIC   FEATURES. 

The  preference  shown  by  this  species  for  the  bark  of  logs  and 
stumps  of  felled  and  injured  trees  makes  it  of  less  economic  impor- 
tance than  the  Black  Hills  beetle  and  some  of  the  other  species,  but 
in  some  of  the  locaUties,  especially  in  Idaho  and  southward  to  southern 
Colorado  and  northern  New  Mexico,  it  attacks  the  living  timber  and 
causes  extensive  losses  of  the  best  as  well  as  of  the  inferior  Douglas  fir. 

EVIDENCES   OF  ATTACK. 

The  first  evidence  of  attack  on  living  trees  is  the  appearance  of 
reddish  boring  dust  in  the  crevices  of  the  bark,  lodged  in  the  loose 
bark  on  the  trunk  and  around  the  base,  and  on  the  ground  around 
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its  base,  which  is  the  only  external  evidence  of  attack  or  infestation 
until  in  the  fall  and  winter,  when  the  leaves  on  some  of  the  trees  will 
begin  to  fade  and  turn  pinkish  or  yellowish,  while  on  other  trees 
they  will  not  begin  to  change  color  until  next  spring,  and  on  still 
others  only  the  leaves  of  the  top  or  lower  branches  on  one  side  of  the 
crown  will  die,  while  the  remainder  will  continue  green,  thus  indi- 
cating that  only  a  portion  of  the  bark  is  killed  and  infested.  While 
the  fading  and  dying  of  the  leaves  result  from  infestation  by  this 
beetle,  this  may,  and  does,  sometimes  result  from  other  causes,  so 
that  the  only  positive  evidence  of  injury  or  destruction  of  Douglas 


Fig.  67.— The  Douglas  fir  beetle.  Egg  gallery  and  larval  mines:  a,  Egg  gallery  in  bark  and  grooved 
in  surface  of  wood;  b,  larval  mincM  in  bark;  c,  larval  mines  marked  and  slightly  grooyed  on  surface 
of  wood.    (Author's  illustration.) 

fir  or  western  larch  in  any  locality  by  this  species  can  be  determined 
only  by  cutting  into  the  bark  of  the  freshly  attacked  or  dying  trees 
and  finding  the  characteristic  galleries  and  larval  mines  occupied 
by  authentically  identified  parent  beetles  or  their  broods. 

As  a  rule,  the  broods  leave  the  trees  before  the  leaves  have  turned 
reddish  brown  or  fallen,  and  they  neVer  return  to  the  trees  to 
excavate  galleries  and  deposit  eggs  for  new  broods  after  all  of  the 
bark  is  dead,  since  they  must  have  either  Kving  or  partially  Uving 
bark  for  their  eggs  and  young  larvae. 
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EFFECTS  ON  COMMERCIAL  VALUE  OF  THE   WOOD. 

The  commercial  value  of  the  Douglas  fir  trees  killed  by  the  beetle 
is  not  seriously  impaired  for  several  years  after  they  die,  except  that 
the  sapwood  discolors  and  otherwise  deteriorates,  but  the  heartwood 
of  lai^e  trees  may  remain  sound  for  twenty  years  or  more.  On  the 
other  hand,  if  they  are  seriously  attacked  by  wood-boring  insects 
the  wood  may  deteriorate  rapidly. 

FAVORABLE       AND      UNFAVORABLE 
CONDITIONS   FOR  THE   BEETLE. 

Favorable  conditions  for 
the  multiplication  and  de- 
structive work  of  this  bark- 
beetle  are  found  in  the  drier 
regions,  where  the  growth  of 
the  trees  is  slow  and  where 
the  older  trees  are  frequently 
injured  by  fiire,  storms,  land- 
sUdes,  etc.,  as  also  in  the 
more  isolated  sections  of  the 
forests  in  such  a  region  where 
no  continued  timber-cutting 
operations  are  carried  on. 
Unfavorable  conditions  for 
attack  on  living  timber  are 
found  in  moist  regions,  where 
the  growth  of  the  trees  is  vig- 
orous, as  in  the  coast,  Cas- 
cade, and  Sierra  sections  of 
Washington,  Oregon,  and 
California,  and  especially  in 
those  sections  in  which  con- 
tinued timber-cutting  opera- 
tions are  carried  on  imder  a 
system  of  lumbering  or  forest 
management  which  requires 
that  the  matured  or  older 
timber,  as  well  as  that  which 
is  dying  and  ''beetle  infested,"  be  taken  out,  and  where  the  yoimger, 
vigorous  timber  is  protected  from  injury  by  fire  and  other  causes. 

METHODS   OF   CONTROL. 

Whenever  in  a  given  locality  it  is  positively  determined  that  this 
species  is  attacking  and  killing  the  Douglas  fir,  bigcone  spruce,  or 
western  larch,  and  that  the  bark  of  living  and  dying  trees  contains 


Fio.  68.— The  Douglas  fir  beetle:  Section  of  log  with  bark 
removed,  showing  brood  galleries  marked  and  grooved 
on  surface  of  wood.    (Author's  illustration.) 
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living  parent  adults  or  developing  broods,  efforts  should  be  made 
toward  its  control.  The  individual  trees  and  groups  of  trees  attacked 
during  the  spring  and  summer  should  be  located  and  marked  during 
August  and  November.  In  order  to  effectively  check  its  ravages,  at 
least  75  per  cent  of  the  infested  trees  should  have  the  infested  bark 
removed  from  the  main  trunks  or  the  logs  converted  into  lumber 
and  the  slabs  burned  during  the  period  beginning  with  the  first  of 
November  and  ending  with  the  first  of  the  following  March. 

The  simple  removal  of  the  bark  during  this  period,  without  burning 
it,  will  be  sufficient  to  kill  the  broods.  The  bark  may  be  removed 
from  the  trees  as  they  stand  or  after  they  are  felled,  as  may  in  each 
case  be  most  convenient  or  desirable. 

The  operations  should  be  confined  first  to  the  worst  infested  locali- 
ties and  to  the  larger  clumps  of  infested  trees.  Therefore  explora- 
tions should  be  made  from  time  to  time  to  determine  the  principal 
localities  in  which  the  ravages  of  the  insect  are  sufficiently  extensive 
to  require  special  attention. 

If  it  is  more  convenient  or  practicable  to  fell  the  trees  and  roll  the 
infested  trunks  together  and  bum  them,  the  work  should  be  done 
during  the  winter  months. 

With  this  species  the  barking  of  newly  infested  trees  during  July 
and  the  first  half  of  August  is  permissible  and  sometimes  desirable, 
because  this  is  the  period  in  which  the  principal  larval  development 
takes  place  and  before  the  broods  of  adults  have  sufficiently  matured 
to  fly  when  liberated  from  the  bark.  By  the  last  of  August  some  of 
the  adults  have  developed  sufficiently  to  fly;  therefore  the  infested 
trees  should  not  be  barked  during  the  latter  part  of  August  and  through 
September  and  October. 

The  fact  that  this  species  is  attracted  to  the  living  bark  on  the 
trunks  and  stumps  of  recently  felled  trees  suggests  the  efficiency  of 
the  trap-tree  method  of  control.  Whenever  it  is  found  desirable  to 
adopt  this  method  living  trees  should  be  felled  in  August  and 
April  and  have  the  bark  removed  or  the  logs  utilized  and  the  slabs 
burned  to  kill  the  broods,  the  former  during  the  winter  months  and 
the  latter  during  the  following  July  and  the  first  half  of  August. 
Experiments  with  girdled  trap  trees  show  that  girdling  is  by  no  means 
as  effective  as  felling. 

Continued  timber-cutting  operations  witliin  a  given  locality,  espe- 
cially in  the  coast  region,  usually  serve  to  protect  the  living  timber 
from  attack  by  this  beetle,  because  the  stumps,  logs,  tops,  and  broken 
or  injured  Douglas  fir  trees  furnish  all  the  requirements  for  its 
breeding,  and  the  utilization  of  infested  logs  destroys  large  num- 
bers of  the  beetles.  If,  however,  the  living  timber  in  the  vicinity 
of  cuttings  should  at  any  time  become  threatened  by  an  invasion 
from  the  cuttings,  or  if  it  be  desirable  to  include  in  timber-cutting 
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regulations  certain  provisions  for  the  burning  of  the  slash,  this  work 
should  be  done  during  the  period  beginning  about  the  first  of  October 
and  ending  by  the  firat  of  March. 

BASIS   OF  INFORMATION. 

The  information  relative  to  this  beetle  is  based  on  investigations 
conducted  by  the  writer  at  Guemeville  and  McCloud,  Cal.,  Grants 
Pass,  Corvallis,  Newport,  Detroit,  and  St.  Helen,  Oreg.,  Port 
Angeles  and  Port  Williams,  Wash.,  Sand  Point,  Kootenai,  and 
Hailey,  Idaho,  April  and  June,  1900;  at  Kootenai,  Idaho,  and  Junc- 
tion, Wash.,  August,  1902;  at  Tercio,  Colo.,  and  Fieldbrook,  Cal., 
May,  1903;  at  Colorado  Springs,  Colo.,  October,  1905,  and  at  Fort 
Garland,  Colo.,  in  1906;  by  Mr.  H.  E.  Burke,  at  New  London,  Rock 
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Fig.  69.— The  Douglas  fir  beetle:  Distribution  map.    (Author's  illustration.) 

Creek,  Kent,  Satsop,  Hoquiam,  North  Bend,  Pialschie,  Des  Moines, 
Ashford,  and  Meredith,  Wash.,  May  to  October,  1903,  June  to  Sep- 
tember, 1904,  May  to  September,  1905,  and  April  and  May,  1906; 
at  Smiths  Ferry,  Idaho,  October,  1904;  in  San  Mateo  County,  Cal., 
May,  1906;  at  Panguitch  and  Panguitch  Lake,  Utah,  July  to  Sep- 
tember, 1907;  by  Mr.  J.  L.  Webb,  in  the  San  Francisco  Mountains, 
Arizona,  June,  1904;  at  Centerville,  Stites,  Kooskia,  and  Pioneerville, 
Idaho,  from  June  to  September,  1905;  in  the  Chiricahua  National 
Forest,  and  the  Sacramento  National  Forest,  Arizona,  June  to  Sep- 
tember, 1907;  by  Mr.  W.  F.  Fiske,  at  Capitan  and  Cloudcroft,  N. 
Mex.,  March  to  June,  1907.  Additional  localities  through  corre- 
spondence and  from  other  collections  are  Belton,  Ovondo,  Bozeman. 
Kalispell,  and  Leavenworth  Valley,  Mont. ;  Orting  and  Dole,  Wash. ; 
89635— BulL  83.  pt  1—09 9 
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Santa  Fe,  N.  Mex.;  Henrys  Lake  National  Forest  and  Beaver  Can- 
yon, Idaho;  Ventura  County,  Cal.,  and  Vancouver,  British  Columbia. 
It  is  represented  in  the  forest-insect  collection  of  the  Bureau  of  Ento- 
mology by  more  than  700  specimens,  including  all  stages  and  work. 

BIBLIOGRAPHY. 

Hopkins,  18996  (under  D.  similis),  pp.  10,  11,  15,  21,  22,  26;  Hopkins,  19016,  p.  67; 
Hopkins,  1903a,  p.  60;  Hopkins,  1904,  p.  19;  Hopkins,  1905,  pp.  10,  11;  Hopkins, 

1906a,  p.  4;  Hopkins,  1909,  pp.  121-126. 
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No.  14.    THE  EASTERN  SPRUCE  BEETLE. 

{Dendroctonus  piceaperda  Hopk.     Figs.  70-77.) 

The  eastern  spruce  beetle  is  a  reddish-brown  to  black  barkbeetle, 
5  to  6  mm.  in  length,  the  body  sparsely  clothed  with  long  hairs,  the 
head  broad  and  convex,  the  pronotum  often  darker  than  the  elytra, 
with  the  sides  distinctly  narrowed  and  constricted  toward  the  head 
and  the  punctures  of  irregular  sizes  and  moderately  coarse,  the  elytra 
with  coarse  rugosities  between  rows  of  indistinct  punctures,  and  the 
elytral  declivity  somewhat  flattened,  smooth,  and  shining  in  the  male, 
more  convex,  roughened,  and  less  shining  in  the  female.  (See  fig.  70.) 
It  attacks  the  red,  black,  and  white  spruce  from  New  Brunswick, 
Canada,  southward  in  the  mountains  of  New  York  and  Pennsylvania, 
and  westward  to  Michigan.  The  adult  bores  through  the  outer  bark 
to  the  inner  living  portion,  extends  its  egg  gallery  (figs.  71,  73)  lon- 
gitudinally through  the  inner  bark,  and  grooves  the  outer  layers  of 
wood  (fig.  72).  From  ten  to  thirty  or  more  eggs  are  deposited 
close  together  in  elongate  cavities  in  the  sides  of  the  egg  gallery. 
The  larvae  soon  hatch  and  begin  to  feed  on  the  bark.  At  first  the 
larval  mines  are  usually  connected,  forming  a  common  cavity, 
but  later  each  larva  excavates  an  independent  mine,  which  it  ex- 
tends in  a  generally  transverse  but  irregular  course  from  the  egg 
gallery,  with  the  transformation  cell  at  the  farther  end  in  the  inner 
bark  or  between  the  inner  and  outer  bark;  but,  like  their  larval 
mine,  this  is  usually  exposed  on  the  inner  surface.  The  presence  of 
this  insect  in  standing  living  or  dying  trees  is  indicated  by  reddish 
boring-dust  in  the  crevices  of  the  bark,  by  pitch  or  gum  tubes,  and 
by  the  fading  and  falling  of  the  leaves,  or  by  the  bare  reddish  ap- 
pearance of  the  twigs.  It  is  a  very  destructive  enemy  of  mature  red 
and  white  spruce. 

SEASONAL   HISTORY. 

(See  fig.  75.) 

OVERWINTERING   STAGES. 

The  winter  is  passed  in  the  inner  bark  of  trees  in  which  the  insect 
developed  the  previous  summer,  as  adults  and  all  stages  of  larv». 
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ACTIVITY  OP  OVEBWINTEBED   BBOOD8. 


There  is  some  evidence  that  a  few  parent  adults  liibemate  in  gal- 
leries started  the  previous  fall  and  that  they  may  begin  activity  some- 


Fio.  70. — The  eastern  spnice  beetle  {DendrocUmuspictviperda):  1,  t,  Adult,  dorsal  and  lateral  aspects; 
2a,  tb,  (f,  9,  details  of  adult;  5,  pupa;  Sa,  lateral  aspect  of  head  and  prothorax  of  pupa;  A,  larva; 
i^,  ;^,  4c,  details  of  larva.    All  greatly  enlarged.    (Author's  Illustration.) 

what  earlier  than  the  overwintered  broods.  The  overwintered,  de- 
veloped adults  begin  to  emerge  about  the  middle  of  June  and  con- 
tinue emergence  until  August,  or  Jater,  the  principal  emergence 
taking  place  during  July.  They  begin  to  attack  the  trees  and  exca- 
vate galleries  soon  after  they  emerge,  and  by  the  19th  of  June  begin 
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to  deposit  eggs.  The  work  of  excavating  galleries  and  depositing 
eggs  is  principally  during  June  and  Jvdy,  but  may  be  continued  until 
September,  or  later  (as  evidenced  by  the  finding  of  young  larvae  in 
October,  and  the  same,  after  overwintering,  the  following  May.) 


Fig.  71.— The  eawtorn  spruce  bt»elle.  Egg  gallery  and  larval  mines:  a,  Egg  gallery;  6,  boring  dust 
packed  in  gallery;  r,  entrance  and  subsequent  or  inner  gallery;  d,  larral  mines.  (Author's  illnji- 
t  ration.) 

The  overwintered  broods  of  larvae  begin  activity  during  the  last 
week  in  May  and  first  week  in  June.  The  matured  larv»  begin  to 
transform  to  pupae  and  adults  during  the  first  week  in  June,  and  con- 
tinue to  do  so,  while  the  younger  larvae  are  developing,  imtil  July  or 
later.  All  have  evidently  transformed  and  emerged  by  the  middle 
of  August,  or  earlier. 
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GENERATION. 


The  eggs  deposited  by 
the  overwintered  broods 
of  adults  begin  to  hatch 
during  the  latter  part  of 
June  (fig.  72)  and  the  first 
part  of  July ,  and  continue 
to  hatch  during  July  and 
August.  The  larval  de- 
velopment is  confined 
principally  to  July  and 
August,  but  may  con- 
tinue to  October.  The 
more  advanced  larvae 
begin  to  transform  to 
pupse  and  adults,  during 
the  last  week  in  August 
and  first  week  in  Sep- 
tember, and  continue  to 
do  so  until  hibernation 
begins  in  the  fall.  No 
evidence  has  been  found 
that  any  of  the  broods 
emerge  from  the  trees  in 
the  fall;  therefore  there 
is  but  one  generation 
annuaUy.  By  far  the 
greater  nimiber  of  the 
broods  pass  the  winter 
as  yoimg  to  matured 
adults,  and  the  hiber- 
nation begins  about  the 
middle  of  October. 

HABFTS. 

This  species  prefers  to 
attack  the  older  mature 
living  timber.  It  also 
attacks  standing  tim- 
ber weakened  or  injured 
from  other  causes,  and 
trees  felled  by  storm 
and  otherwise,  though 
usually     not     in     such 
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Fio.  73.— The  eastern  spnice  beetle:  Old  egg  galleries  and  larval  mines  In  bark. 
(Author's  illustration.) 
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numbers  as  it  does  the  living,  standing  trees.  It  infests  the  red 
spruce,  black  spruce,  and  white  spruce,  but,  so  far  as  known,  does 
not  attack  any  of  the  pines  or  the  larch. 

The  beetles  enter  the  bark  of  healthy  trees  at  a  point  from  6  to  10 
feet  from  the  base,  and  that  of  trees  weakened  by  disease  or  other 
causes  from  near  the  base  to  the  larger  branches. 

In  the  hving  trees  the  entrance  burrow  is  gradually  extended 
obliquely  upward,  or  subtransversely,  thence  in  a  longitudinal  direc- 
tion upward  through  the  inner  bark  and  often  grooving  the  surface 
of  the  wood.  Along  the  sides  of 
this  gallery,  which  is  usually  about 
three  times  as  broad  as  the  beetle, 
the  eggs  are  placed  singly  in  small 
cavities  or  in  groups  in  an  elon- 
gated cavity.  The  eggs  are  then 
protected  by  a  mass  of  borings, 
closely  packed  and  cemented  with 
gum,  which,  with  the  exception  of 
a  small  inner  burrow  or  subgallery, 
fill  up  the  broad  egg  gallery.  The 
original  entrance  is  first  packed; 
then  an  opening  to  the  outside  is 
made  in  the  roof  of  the  gallery  a 
few  inches  from  the  entrance,  an- 
other section  is  excavated  and 
packed,  another  hole  is  made 
through  the  roof,  and  so  on  until 
the  gallery  is  completed.  After 
all  is  finished  the  adults  make  one 
or  two  short,  irregular,  lateral 
branches  at  the  farther  end,  ap- 
parently for  an  abiding  place  until 
they  die. 

The  gum  flowing  into  the  wounds 
made  by  the  beetles  when  they  are 
excavating  the  entrance  is  pushed  out  and  the  holes  kept  open 
through  it,  thus  forming  the  pitch  tubes,  which  are  so  conspicuous  on 
the  bark  of  freshly  attacked  trees.  After  the  vitality  of  a  tree  is 
weakened  by  numerous  wounds  and  by  an  excessive  flow  of  resin 
the  subsequent  entrances  are  not  marked  by  pitch  tubes.  Or,  if  a  tree 
is  decidedly  weakened  from  other  causes  before  it  is  attacked,  or 
when  a  large  number  of  beetles  is  boring  into  the  outer  bark,  and 
the  boring-dust  falls  down  and  lodges  in  the  flakes  of  bark  and  in  the 
moss  on  the  tree,  pitch  tubes  are  not  formed. 


Fig.  74.— The  eastern  spruce  beetle.  Old  gal- 
leries marked  on  surface  of  tree:  Grooves  on 
surface  of  wood  of  tree  that  has  been  dead 
about  twelve  years.  (Author's  Illustration.) 
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When  the  eggs  hatch,  the  minute  white  grubs  or  larvae  eat  their 
way  into  the  soft  inner  bark,  which  by  this  time  has  commenced  to 
die  and  is  in  the  best  condition  for  their  food  supply.  When  the  eggs 
are  deposited  in  separate  cavities,  each  larva  makes  a  separate  mine, 
but  when  they  are  massed  along  the  sides,  or  placed  close  together,  as 
they  usually  are,  the  larvsB  work  side  by  side  and  consume  aU  of  the 
inner  layer  of  bark  until  they  have  progressed  some  distance,  when 
they  begin  to  separate  and  each  larva  makes  an  independent  mine. 
While  the  individual  burrow  may  cross  and  recross  its  neighbor,  it 
preserves  a  course  of  its  own  and  increases  in  width  as  its  occupant 
increases  in  size,  until  the  larva  ceases  to  feed.  The  latter  then 
excavates  a  cavity,  either  in  the  bark  next  to  the  wood  or  next  to  the 
outer  dry  bark,  where  in  due  time  it  changes  to  the  pupa.  Here  it 
remains  in  a  semidormant  condition  imtil  the  legs,  wing  covers,  and 
other  parts  develop.  It  then  sheds  its  outer  skin  and  becomes  an 
adult  winged  beetle,  soft  and  yellow  at  first,  but  gradually  hardening 
and  becoming  darker. 

When  the  individuals  of  a  brood  are  fully  matured  in  the  spring, 
they  bore  through  the  inner  bark  between  the  transformation  cells 
and  congregate  in  the  larger  conunon  chamber  thus  formed  until  it 
is  time  for  them  to  emerge.  They  then  bore  their  way  out  to  the 
surface  and  emerge  to  fly  in  search  of  suitable  trees  in  which  to  exca- 
vate galleries  and  deposit  eggs.  Scarcely  anything  is  known  of  the 
flight  habits,  but  the  beetles  probably  fly  during  the  evening  or  at 
night. 

ECONOMIC   FEATURES. 
CHABACTER  OF  ATTACK  AND  INJURY. 

So  far  as  known,  this  beetle  confines  its  attack  to  the  spruce  in  the 
region  north  of  latitude  43°.  Toward  its  southern  Umit  it  evidently 
does  not  occur  at  altitudes  below  2,000  or  2,500  feet,  while  at  latitude 
47°  in  Maine  and  in  extreme  northern  Michigan  it  would  be  found  below 
an  altitude  of  600  feet.  It  is  rarely  found  in  trees  under  10  inches 
in  diameter  breast  high,  but  prefers  tho$e  18  inches  or  more  in 
diameter.  Whenever  it  occurs  in  suflBcient  numbers  to  attack  and 
kill  large  numbers  of  trees  the  flying  beetles  within  a  given  locality 
usually  concentrate  on  groups  or  patches  of  timber  of  greater  or  less 
extent.  The  trees  die  from  the  attack,  and  when  the  new  broods 
develop  they  emerge  from  the  dying  trees  and  settle  on  the  Uving 
timber  in  another  locality,  and  so  on,  until  all  of  the  matured  timber 
is  killed.  They  usually  settle  on  a  tree  and  enter  the  bark  in  such 
numbers  that  there  is  little  chance  for  its  recovery.  Their  numerous 
egg  galleries  are  extended  through  the  most  vital  patt  of  the  tree 
(the  cambium),  where  the  new  growth  of  wood  and  bark  takes  place. 
Thus  the  injury  produces  a  weakened  condition  of  the  tree.     This  is 
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Fio.  75.— Balsam  flr  chips  showing  annual  growth,  indicating  dates  of  death  of  spnice  trees.  1,  From 
tree  by  dead  spruce  in  cutting  of  about  1888;  2,  from  tree  standing  by  dead  spruce  in  old  cutting  of 
about  188G;  5,  from  tree  .standing  by  dead  spruce  which  showed  the  work  of  the  eastern  spruce  beetle 
(tree  evidently  died  about  1888);  U,  from  fir  in  blow-down  of  about  1871,  which  was  followed  by 
another  in  about  1885-6;  5,  from  tree  in  blow-down  of  about  1886;  6,  from  spnice  standing  by  large 
spruce  tree  which  was  broken  by  a  btorm  of  about  1886  (evidence  was  found  in  this  tree  that  It  waa 
living  when  felled  and  that  It  had  been  attacked,  after  falling,  by  the  eiustem  spruce  beetle;  both 
galleries  and  remains  of  beetles  were  found  in  the  bark);  7,  .section  of  small  suppressed  spruce 
about  forty-five  or  fifty  years  old.    All  natural  size.    (Author's  illustration.) 
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followed  by  the  lateral  extension  of  the  larval  mines  of  the  young 
broods,  which  serves  to  completely  girdle  the  tree  and  kill  the  inner 
bark,  and  this  in  turn  is  followed  some  months  later  by  the  gradual 
or  sudden  dying  of  the  leaves  and  the  complete  death  of  the  tree. 

The  trees  on  which  a  successful  attack  is  made  in  June  or  July  will 
have  the  leaves  faded  and  fallen  by  October,  but  the  leaves  on  those 
attacked  in  August  or  later  may  remain  normal  until  the  following 
May  or  June  before  they  fall. 

EXTENT  OP  DEPREDATIONS. 

The  evidence  we  have  been  able  to  collect  shows  that  at  various 
times  during  the  past  century  this  beetle  has  been  the  cause  of  the 
death  of  an  enormous  amount  of  the  best  matured  spruce  timber  in 
the  forests  from  New  Brunswick  to  northern  New  York  and  in  places 
in  Canada.  It  is  also  evident  that  it  will  continue  to  be  a  menace  to 
standing  matured  timber,  probably  throughout  the  region  in  which 
the  red  and  white  spruce  prevail  in  forest  growth. 

In  a  report  by  C.  W.  Johnson  (1898,  pp.  73-74),  reference  is  made 
to  extensive  destruction  of  red  spruce  in  the  mountains  north  of  Stull, 
Wyoming  County,  Pa.,  supposed  to  have  been  caused  by  a  Dendroc- 
tonus  identified  as  D,  rufipennis.  Specimens  collected  by  Mr.  Johnson 
have  been  examined  by  the  writer  and  found  to  be  D.  piceaperda, 
Mr.  Johnson  stated  that  some  5,000,000  feet  of  spruce  had  been  killed 
on  the  lands  of  one  company,  apparently  during  1896  and  1897. 

EVIDENCES   OP  ATTACK. 

The  first  evidence  of  attack  on  living  trees  is  reddish  boring  dust 
lodged  in  the  loose  bark  and  moss  on  the  trunk  and  around  the  base 
of  the  tree,  or  numerous  fresh  gum  spots  or  pitch  tubes  mixed  with 
whitish  or  reddish  borings  on  the  bark  of  the  middle  or  lower  portion 
of  the  trunk.  When  tliis  is  found  it  will  indicate  that  the  beetles 
are  actively  at  work  excavating  the  galleries  in  the  bark.  After  this 
work  is  completed  and  the  broods  of  larvae  have  killed  the  inner  bark 
the  pitch  tubes  have  an  old  or  dried  appearance  and  the  boring  dust 
is  less  evident.  By  the  time  the  larvae  have  developed  and  trans- 
formed into  pupae  and  adults  during  September  and  October  the 
infested  trees  are  indicated  by  the  faded  pale-green  appearance  of  the 
needles  on  the  trees  or  on  the  ground,  and  by  the  reddish  appearance 
of  the  tops  from  which  the  needles  have  recently  fallen.  •  During  the 
winter  and  following  spring  the  trees  that  were  attacked  later  in  the 
preceding  summer  will  present  the  same  evidence  of  infestation,  and 
in  addition  a  large  percentage  of  the  infested  trees  are  usually  marked 
by  woodpecker  work.  The  birds  discover  the  broods  of  beetles  and 
larvae,  and  in  their  efforts  to  get  the  insects  they  remove  a  sufficient 
amount  of  the  outer  loose  bark  to  give  the  trunks  a  conspicuously 


Digitized  by  VjOOQ IC 


THE  GENUS  DENDROCTONUS.  123 

reddish  appearance,  so  that  even  when  the  leaves  on  an  infested  tree 
are  perfectly  normal  and  there  are  no  pitch  tubes  the  trees  thus 
marked  by  the  birds  can  be  readily  located  as  infested  trees. 

As  a  rule,  after  the  middle  of  June  all  of  the  broods  of  this  insect 
have  left  the  trees  from  which  the  leaves  have  fallen,  and  certainly 
those  in  which  the  twigs  have  changed  from  a  reddish  to  a  grayish 
appearance.  With  few  exceptions  this  may  be  depended  upon, 
because  the  parent  beetles  must  have  living  bark  in  which  to 
deposit  their  eggs,  so  that  the  freshly  hatched  larvae  will  have  the 
proper  conditions  for  their  future  development.  Therefore  it  is  sel- 
dom that  more  than  one  set  of  broods  develops  in  the  same  tree. 
This  can  happen  only  when  but  one  side  of  the  trunk  or  the  upper  or 
lower  portion  is  infested  and  the  remainder  is  not  dead  when  the 
broods  emerge.  In  this  case  the  remaining  living  bark  will  be  attacked 
and  yield  another  set  of  broods. 

EFFECTS   ON  COMMERCIAL   VALUE   OF  THE   WOOD. 

The  wood  of  the  trees  killed  by  this  beetle  is  not  materiaUy  reduced 
in  value  for  several  years  afterwards,  except  in  so  far  as  the  sapwood 
and  heartwood  is  stained  and  injured  by  wood-boring  insects,  decay, 
fire,  etc. 

FAVORABLE   AND   UNFAVORABLE   CONDITIONS   FOR  THE   BEETLE. 

Favorable  conditions  for  the  multiplication  of  this  insect  are  found 
in  large  areas  of  virgin  forest,  where  there  is  a  thick  stand  of  old 
matured  timber  and  where  some  of  the  trees  have  suffered  from 
injury  by  storms,  landsUdes,  Ughtning,  or  other  causes.  If,  under 
such  conditions,  the  beetle  be  present  in  considerable  numbers,  it 
may  multiply  so  rapidly  that  the  best  timber  in  the  forests  over 
hundreds  of  square  miles  may  be  killed  within  two  or  three  years,  as 
has  been  demonstrated  by  a  number  of  notable  outbreaks  in  Maine. 
Unfavorable  conditions  are  found  in  young,  vigorous  forests  from 
which  the  old  timber  has  been  removed  and  utiUzed,  and  especially 
in  forests  which  are  under  a  modem  system  of  forest  management, 
with  regulations  either  requiring  that  the  matured  timber  be  utihzed 
or  that  all  injured  or  dying  trees  found  to  be  infested  with  the  beetle 
be  felled  and  barked  or  floated  at  the  proper  time  to  kill  the  broods. 

METHODS   OF   CONTROL. 

Whenever  it  is  positively  determined  that  this  species  is  attacking 
the  Uving  spruce  in  a  given  locality,  or  that  the  bark  of  Uving  and 
dying  trees  contains  living  parent  adults  or  developed  broods,  some 
measures  should  be  adopted  without  delay  for  its  control. 

The  removal  of  the  infested  bark  from  the  trunks  of  the  trees 
without  burning  is  all  that  is  necessary  to  kill  the  immature  stages  of 
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the  insect  at  any  time.  If  the  work  be  done  during  the  period  begin- 
ning with  the  middle  of  October  and  ending  with  the  middle  of  May, 
say  at  or  below  an  elevation  of  about  1,800  feet  at  latitude  46®,  the 
parent  adults  and  developed  broods  of  adults,  together  with  the 
immature  broods,  will  be  killed.  The  infested  parts  of  the  trunks  may 
be  barked  without  felling  the  trees,  or  the  trees  may  be  felled  for  this 
purpose  and  barked  or  utilized  and  the  slabs  burned,  as  in  each  case 
may  be  more  practicable  or  desirable.  If  the  timber  can  not  be 
utilized  for  several  years  it  will  remain  sound  much  longer  if  barked 
and  left  standing  than  if  felled. 

If,  in  the  case  of  a  moderate  attack,  the  lai^er  cliunps  or  patches 
of  infested  trees  and  the  more  accessible  scattering  ones  in  the  worst 
affected  sections  of  a  forest  are  barked,  it  should  serve  to  bring  the 
insect  under  control  the  first  year,  but  in  the  case  of  a  very  extensive 
attack  this  may  require  several  years. 


^^i'^^A 


PiQ.  76.— Trees  girdled  by  different  methods:  a,  Hack-girdled;  6,  girdled  to  heartwood;  c,  hack- 
girdled  and  peeled;  d,  hack  and  belt  girdled.    (Author's  illustration.) 

It  is  not  necessary  that  every  infested  tree  should  be  barked  or 
utihzed,  but  it  is  important  that  at  least  75  per  cent  of  such  trees  be 
either  barked  or  removed  in  regular  logging  operations,  before  the 
broods  have  time  to  emerge. 

Whenever  a  large  amoimt  of  timber  is  being  killed,  as  in  north- 
western Maine  in  1900,  the  regular  logging  operations  should  be  con- 
ducted in  the  principal  infested  areas,  in  order  that  the  infested  trees 
may  be  cut  and  floated  out  of  the  forest  before  the  broods  have  time 
to  emerge.  The  adoption  of  this  method  by  the  Berlin  Mills  Com- 
pany in  1901  was  evidently  very  successful  in  controlling  the  insect 
in  the  region  referred  to  in  B  ulletin  28  of  this  oflBce. 

It  may  be  practicable  to  bark  newly  infested  trees  in  August  and 
September,  but  the  principal  work  of  barking,  or  removal,  or  utiliza- 
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tion  in  the  regular  logging  operations,  should  be  done  between  the 
middle  of  October  and  the  middle  of  May. 

With  this  insect  it  may  be  practicable  to  utilize  trap  trees  to  at- 
tract the  insects  away  from  the  healthy  timber.  For  this  purpose 
living  trees,  the  necessary  number  depending  on  the  extent  of  infesta- 
tion, should  be  girdled  to  the  heartwood  during  June.  (See  fig.  76.) 
If  they  become  infested  during  the  summer  they  must  be  barked  or 
removed  by  the  middle  of  the  following  May,  in  order  to  destroy  the 
broods. 

BASIS   OF   INFORMATION. 

The  preceding  information  on  the  eastern  spruce  beetle  is  based  on 
investigations  by  the  writer  in  northwestern  Maine  in  May  and  June, 
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Fig.  77.— The  eastern  spruce  beetle:  Distribution  map.    (Author's  illustration. ) 

1900,  and  at  Waterville,  N.  H.,  in  May,  1903;  on  experiments  with 
girdled  trees  by  Mr.  Austin  Gary  during  the  summer  of  1900,  and 
instructions  to  the  Berlin  Mills  Company,  in  cutting  infested  timber, 
in  1901,  and  on  investigations  by  Mr.  W.  F.  Fiske  on  Grand  Island, 
Michigan,  in  October,  1906.  Additional  localities  from  correspond- 
ence and  other  collections  are  West  Stewartstown,  N.  H.,  Anticosti, 
Canada,  and  Pennsylvania. 

It  is  represented  in  the  forest-insect  collection  of  the  Bureau  of 
Entomology  by  more  than  300  specimens. 

BIBLOGRAPHY. 

Peck,  1876  (under  Hylurgusrufipennis),  pp.  283-301;  Peck,  1879  (under  E.  rufipen- 
n«),  pp.  32-38;  Hough,  1882  (Insect  Ravages),  pp.  259-263;  Lintner,  1885  (under 
Dendroctonus  rufipennis),  p.  54;  Fletcher,  1887  (under  Z>.  rufipennis)^  pp.  3^-40;  Pack- 
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ard,1887  (under  D.  rujipennis),  pp.  176  and  243;  Peck,  1890  (under  D.  rufipennis),  pp. 
814-815,  and  721-722;  Harvey,  1898  (under D.  rufipennis),  p.  176;  Howard  and  Chitten- 
den, 1898  (under  D.  rufipennis)^  p.  98;  Weed  and  Fiske,  1898  (under  D.  rufipennia),  p. 
69;  Hopkins,  1899a  (under  D.  rufipennis),  p.  293;  Gary,  1900  (under  D.  polygrapihui 
rufipennis),  pp.  52-54;  Hopkins,  1901a,  p.  16;  Hopkins,  19016,  pp.  68-69;  Hopkins, 
19026,  p.  21;  Hopkins,  1902c,  p.  22;  Hopkins,  19036,  pp.  266-270,  281;  Hopkins,  1904, 

p.  26;  Hopkins,  1905,  pp.  10-11;  Felt, 
1905,  pp.  6,  7;  Felt,  1906,  pp.  37^-385, 
782,  796;  Hopkins,  1907,  pp.  160-161; 
Hopkins,  1909,  pp.  126-130. 

No.   15.      THE    ENGELMANN 
SPRUCE  BEETI.E. 

(Dendroctonus  engelmanni  Hopk. 
Figs.  78-82.) 

The  Engelmann  spruce  beetle 
is  a  reddish-brown  to  black 
barkbeetle,  5  to  7  mm.  in 
length,  with  body  sparsely 
clothed  with  long  hairs,  head 
broad  and  convex,  prothorax 
sometimes  darker  than  the  ely- 
tra and  \^ith  sides  of  pronotum 
distinctly  narrowed  and  con- 
stricted toward  the  head  and 
the  punctures  of  irregular  size 
and  distinctly  coarse,  the  ely- 
tra with  coarse  rugosities  be- 
tween rows  of  indistinct  but 
coarse  pimctures,  and  the  de- 
clivity convex  and  somewhat 
flattened.  It  attacks  the  En- 
gelmann spruce,  and  probably 
other  spruces,  from  central 
Idaho  southward  to  the  moun- 
tains of  southern  New  Mexico, 

FiQ.78.-TheEngelmann  spruce  beetle  (Z>emiiw<onu«  ^nd    the    whitc    SprUCe    in    the 

CTif^c/manm):  Egg  gallery  In  living  bark.  ^.Normal;  Black  Hills   of  South    Dakota. 

B,  boring  dust  removed;  a,  entrance;  6,  basal  sec-  ^,               11      *  *      *1           + 

tion;c,  boring  dust  packed  In  gallery;  d,  subsequent  ^^^    galleries  are     Similar     tO 

or  Inner  gallery;  e,  ventilating  burrow;  /  egg  nest,  thoSC     of     the  eastem     SprUCe 

with  and  without  eggs;  g,  freshly  hatched  larvse;  i        i  i 

A,  pits  in  roof  of  gallery.    (Author's  illustration.)  beetle. 


SEASONAI.    HISTORY 


OVERWINTERING    STAGES. 


The  broods  of  this  beetle  pjiss  the  winter  in  all  stages  of  larvae  and 
as  adults  in  the  inner  bark  of  trees  attacked  by  the  parent  beetles 
during  the  preceding  summer. 
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Acnvmr  op  overwintered  broods. 


The  adults  begin  to  emerge  from  the  bark  and  fly  during  May  or 
June.  They  settle  on  felled  or  standing  injured  or  on  healthy  trees 
and  enter  the  living  bark  to  deposit  eggs  (see  fig,  78),  which  soon 
hatch  into  larvsB.  The  broods  of  larvae  feed  in  the  inner  bark  and 
destroy  that  portion  of  it  intervening  between  the  egg  galleries,  and 
thus  completely  girdle  and  cause  the  death  of  the  trees  which  were 
healthy  when  attacked.  The  mediiun  to  larger  mattu-ed'  trees  are 
the  ones  commonly  selected  by  the  beetle,  and  it  is  capable  of  killing 
all  such  timber  within  a  forest. 

In  the  Black  Hills  of  South  Dakota,  at  an  altitude  of  about  5,000 
feet,  Mr.  Webb  found  an  adult  flying  on  June  10.  On  July  30  adults 
were  excavating  galleries  and  depositing  eggs,  which  hatched  and 
had  developed  into  nearly  fullgrown  larvae  on  October  14.  It  would 
appear,  therefore,  that  the  adults  of  this  species  come  out  a  little 
earlier  than  those  of  the  eastern  spruce  beetle. 

ECONOMIC    FEATURES. 

This  species,  hke  the  eastern  spruce  beetle,  attacks  only  the  larger 
or  mature  trees.  It  is  evidently  the  most  important  enemy  of  the 
Rocky  Mountain  spruces,  and  from  time  to  time  has  caused  wide- 
spread destruction. 

In  October,  1905,  the  writer  found  evidence  of  its  destructive 
work  (see  figs.  79,  80)  in  the  Pike  National  Forest,  caused  many 
years  ago.  At  the  time  the  observations  were  made  the  indica- 
tions were  that  the  vast  destruction  of  spruce  in  this  reserve  here- 
tofore attributed  to  fire  was  primarily  caused  by  this  beetle.  This 
was  particularly  evident  on  the  southern  slopes  of  Pikes  Peak,  at 
an  altitude  of  about  10,000  feet,  where  nearly  all  of  the  timber  had 
been  killed  some  fifty  years  ago.  In  the  fragmentary  patches  of 
Uving  timber,  old  felled  trunks  of  a  primitive  matured  forest  of 
Engelmann  spruce  were  found  thickly  covering  the  ground.  On  the 
weather-beaten  surface  of  these  logs  the  characteristic  markings  of 
the  galleries  of  this  beetle  were  so  common  as  to  leave  Uttle  doubt 
that  the  trees  had  been  killed  during  a  destructive  invasion  by  it — 
indeed,  very  conclusive  evidence  of  this  was  found  in  the  presence 
of  dried  resin  in  the  egg-gallery  grooves  and  on  the  surface  of  the 
wood,  which  would  not  be  found  there  if  the  trees  had  been  attacked 
after  they  were  dying  from  other  causes. 

This  additional  evidence,  together  with  the  known  devastating 
work  of  this  class  of  insects,  makes  it  clear  to  the  writer  that  there 
has  been  a  most  intimate  interrelation  of  destructive  barkbeetles 
and  forest  fires  in  the  denudation  of  the  vast  areas  of  once  heavily 
forested  lands  in  the  Rocky  Mountain  region,  and  that  in  very  many 
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cases  the  insects  have  first  killed  the  timber,  and  the  fire  has  then 
followed  (see  fig.  81),  leaving  the  charred  trunks  and  logs  as  apparent 
proof  that  the  fire  alone  was  responsible. 

In  August,  1905,  Supervisor  A.  W.  Jensen,  of  the  Manti  National 
Forest,  Utah,  reported  much  destructive  work  by  a  beetle  which 
proved  to  be  this  species.  lie  stated  that  in  some  sections  20  per 
cent  was  then  attacked  or  killed,  including  both  the  Engelmann 
spruce  and  the  blue  spruce. 

In  August,  1906,  Mr.  Harry  Gibler  reported  that  all  of  the  matured 
Engelmann  spruce  of  the  White  River  National  Forest,  in  Colorado, 
was  more  or  less  affected  by  a  beetle  which  the  writer  identified  as 
this  species.     In  response  to  a  request  for  more  detailed  informa- 


Fio.  79.— Engelmann  spruce  evidently  killed  by  Engelmann  spruce  beetle  about  1863-6;  pitch-marked 
galleries  common  on  trunk.    Pike  National  Forest,  at  elevation  of  about  10,000  feet.    (Original. ) 

tion,  Mr.  Gibler,  in  a  letter  dated  November  13,   1906,  wrote   as 
follows : 

There  is  no  portion  of  the  reserve  on  which  they  ^re  especially  active,  but  are  more 
or  less  over  the  entire  area.  In  some  places  as  much  as  90  per  cent  of  the  mature 
timber  is  already  dead  and  in  some  localities  as  little  as  2  per  cent  seems  to  be  affected, 
and  in  this  connection  I  would  state  that  so  far  the  oldest  trees,  and  that  which  is 
classed  as  strictly  mature  timber,  have  been  affected. 

In  the  Twentieth  Annual  Report  of  the  United  States  Geological 
Survey,  p.  137,  Mr.  G.  B.  Sudworth  states: 

There  is  a  considerable  quantity  of  dead  standing  spruce  mingled  with  the  green 
timber.  It  extends  in  an  interrupted  irregular  narrow  belt  from  the  region  of  Deep 
Lake  and  Carbonate  westward  to  the  headwaters  of  East  Elk  Creek.    The  dead  tim- 
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ber  amounts  to  from  10  to  25  per  rent  of  the  total  Htand  and  includes  nearly,  or  quite, 
all  the  larf^est  and  oldest  trees.  They  bear  evidence  of  having  died  about  twenty  to 
twenty-five  yearp  ago. 

Mr.  W.  D.  Edmonston  inspected  this  timber  on  September  23-24, 
1907,  and  reported  to  the  writer  as  follows: 

I  don't  know  where  Mr.  Sudworth  observed  the  old  and  dead  spruce;  but  I  waa 
with  Super\'i8or  Blair  when  he  was  estimating  for  a  sale  of  Engelmann  and  Alpine 
fir  (September  23,  24,  1907)  in  Bear  Park,  near  Dale's  sawmill,  12  miles  northeast  of 
New  Castle,  and  we  found  all  through  this  body  of  timber  that  the  dead  Engelmann, 
all  over  15  inches  in  diameter,  amounted  to  25  per  cent,  I  examined  this  dead  timber 
most  carefully.  I  spent  the  entire  day  examining  the  trees,  while  Mr.  Blair  and  two 
of  his  rangers  were  estimating.  I  did  not  find  one  single  Engelmann  that  had  died 
within  the  past  twenty-five  years  that  had  not  been  beetle-killed,  the  galleries  of  the 
Engelmann  spruce  beetle  showing  plainly  on  the  trunk.     I  pointed  out  hundreds  of 


Fio.  80.— Engelmann  spruce  timber  evidently  killed  by  Engelmann  spruce  beetle  and  subsequently 
partially  burned  by  fire.    Pike  National  Forest,  at  elevation  of  about  10,000  feet.    (Original.) 

Buch  trees  to  Mr.  Blair  and  the  rangers.  But  I  failed  to  find  any  new  work.  This 
timber  must  have  been  killed  about  twenty  years  ago,  if  not  longer.  Old  snags,  stand- 
ing and  down,  all  showed  plainly  the  yellow-stained  galleries,  just  like  those  you 
pointed  out  to  me  the  day  we  were  at  Clyde,  on  the  road  to  Seven  Lakes,  in  the  Pikes 
Peak,  and  just  the  same  as  that  on  the  specimen  I  sent  you  from  near  Crested  Butte, 
Gunnison  National  Forest. 

On  January  10,  1908,  Mr.  W.  D.  Edmonston  reported  that  the  large 
stands  of  Engelmann  spruce  in  the  White  River  National  Forest 
showed  an  average  of  20  per  cent  beetle-killed  throughout. 

In  March,  1907,  Mr.  Frank  J.  Phillips,  forest  assistant,  of  the  Forest 

Service,  in  a  report  on  conditions  in  tlie  Lincoln  National  Forest, 

New  Mexico,  refers  to  a  forest  fire  of  doubtful  date,  1892  to  1895, 

which  it  is  claimed  killed  and  weakened  portions  of  the  spruce  stand 

89535— Bull.  83,  pt  1—09 10 
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aggregating  approximately  1,200  acres,  although  it  is  probable  that 
the  insect  was  present  before  the  fire  occurred.     He  states  as  follows: 

Two  or  three  years  after  the  fire  serious  work  of  the  insect  was  first  made  apparent, 
and  local  observers  state  that  the  beetle  work  has  steadily  increased  until  the  entire 
spruce  stand  is  threatened  with  insect  destruction.  In  his  1904  report  Mr.  F.  G.  Plum- 
mer  stated,  ''Notwithstanding  the  fact  that  the  summits  of  the  Sierra  Blanca  afford 
apparently  ideal  conditions  for  the  growth  of  the  spruce,  about  20  per  cent  of  the 
standing  trees  are  dead  or  dying.  This  gives  the  forest  the  appearance  of  having  been 
scorched  by  a  fire  not  severe  enough  to  utterly  destroy  it.    For  this  no  cause  was  found. 


Pig.  81.— Average-tdzed  Engelmanu  spruce  killed  by  fire  and  the  Eiigelmann  spruce  beetle. 
National  Forest,  at  elevation  of  10,150  feet.    (Original.) 


Lincoln 


The  insect  work  occurs  at  an  elevation  above  9,000  feet  and  will  probably  extend 
to  the  altitudinal  limit  of  the  spruce  in  case  it  has  not  already  done  so.  It  was  found 
in  trees  varying  from  6  to  20  inches,  which  had  not  been  subject  to  other  injur\'. 
Approximately  1,000  acres  of  the  headwaters  of  the  South  Fork  of  the  Rio  Bon i to 
have  been  completely  killed  by  the  combined  effect  of  fire  and  insects,  and  other 
similar  areas  exist  in  the  reserve. 

Mr.  F.  G.  Plummer,  of  the  Forest  Service,  in  a  report  entitled 
''Forest  conditions  in  the  Lincoln  National  Forest,  New  Mexico "<» 
estimates  a  total  stand  of  29,027,000  feet,  board  measure,  on  13,142 
acres.     Of  this,  1,480  acres,  or  about  9  per  cent,  has  been  burned. 


o Professional  Paper  No.  33,  series  H,  Forestry,  11,  U.  S.  Geological  Survey. 
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Mr.  W.  F.  Fiske,  of  this  Bureau,  who  was  sent  to  investigate  the 
conditions  as  to  insect  ravages  in  the  White  Mountains  of  the  Lincohi 
National  Forest,  reported  that  during  his  investigations  in  May,  1907, 
he  found  that  at  least  95  per  cent  of  all  of  the  Engelmann  spruce  out- 
side of  the  burned  areas  was  beetle-kiUed,  but  that  practically  all  of 
this  was  rather  old  work  and  that  there  was  very  little  evidence  of  the 
beetles'  presence  at  that  time. 

Mr.  J.  L.  Webb,  of  this  Bureau,  visited  the  same  area  in  September 
and  estimated  that  fire  had  kiUed  about  15  per  cent  of  the  total  stand 
of  spruce,  and  that  the  beetle  has  killed  about  90  per  cent  of  the 
remainder. 

METHODS   OP   CONTROL. 

The  methods  of  controlling  this  beetle  are  essentially  the  same  as 
for  the  eastern  spruce  beetle. 


1 f."         •'  f 
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Fio.  82.— The  Engelmann  spruce  beetle:  Distribution  map.    (Author's  illustration.) 
BASIS   OF   INFORMATION. 

Information  concerning  this  barkbeetle  is  based  on  investigations 
by  the  writer  at  Boulder,  Colo.,  August,  1901;  at  Black  Hills,  S. 
Dak.,  September,  1901,  and  August,  1902,  and  in  the  Pike  National 
Forest,  Colo.,  October,  1905;  by  Mr.  J.  L.  Webb,  at  Collins,  Idaho, 
September,  1900;  in  the  Black  Ilills,  S.  Dak.,  Jime  and  October,  1902, 
and  August,  1906;  in  the  Rincon  Mountains,  Ariz.,  and  in  the  Capi- 
tan  Mountains  and  at  Cloudcroft,  N.  Mex.,  from  May  to  Septem- 
ber, 1907;  by  Mr.  W.  ¥.  Fiske,  in  the  Capitan  Mountains,  N.  Mex., 
May,  1907;  by  Mr.  W.  D.  Edmonston,  in  the  Ouray  National  Forest,  at 
Craig,  Steamboat   Springs,  and   Hahns  Peak,  in  the  White  River 
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National  Forest,  and  in  the  Holy  Cross  National  Forest,  Colo.,  and 
at  Encampment,  Wyo.,  in  1907.  Additional  localities  through  cor- 
respondence and  from  collections  are:  Ephraim  and  Alta,  Utah; 
Meeker,  Silver  Plume,  Argentine,  Glenwood  Springs,  and  Leadville, 
Colo.;  Capitan,  Lincoln  National  Forest,  and  Las  Vegas,  N.  Mex.; 
Calgary,  Alberta  Province,  and  Glacier,  British  Columbia.  It  is 
represented  in  the  forest-insect  collection  of  the  Bureau  of  Entomology 
by  more  than  200  specimens. 

BIBLIOGRAPHY. 

Packard,  1877  (under  Dendroctonus  ohesus),  p.  803;  Hopkins,  1906a  (under  D. 
piceaperda),  pp.  4-5;  Hopkins,  1907  (under  "The  Engelmann  spruce  beetle"),  pp. 
161-162;  Hopkins,  1909,  pp.  130-133. 

No.  16.  THE  ALASKA  SPRUCE 
BEETLE. 

{Dendroctonus borealis  Hopk.   Figs.  83, 84.) 

The  Alaska  spruce  beetle  resem- 
bles closely  in  general  characters 
the  eastern  spruce  beetle,  but  is 
smaller,  and  is  distinguished  by  the 
coarser  punctures  of  the  pronotum 
being  more  regular  in  size.  (See 
fig.  83.) 

This  species  is  represented  in 
the  collections  by  but  four  speci- 
mens, two  in  the  United  States  Na- 
tional Museum  collection,  labeled 
''Alaska,'^  and  two  in  the  forest- 
insect  collection  of  the  Bureau  of 
Entomology,  collected  by  Mr.  W. 
H.  Osgood  from  white  spruce  at 
Eagle,  Alaska,  in  August,  1903. 
Nothing  further  is  known  about 
this  species,  but  it  will  probably 
be  found  that  its  habits  and  life 

FIG.  83.-The  Alaska  spruce  beetle  (/)CTidrod<witM      history     are     similar     tO     those    of 
borealis):  Adult.  Greatly  enlarged.   (Author's  "^  j   -- 

illuatraUon.)  -NOS.   14  and  15. 


BIBLIOGRAPHY. 

Hopkins,  1909,  pp.  133-135. 

No.  17.    THE  SITKA  SPRUCE  BEETLE. 
(Dendroctonus  ohesus  Mann.     FigH.  85,  86.) 

The  Sitka  spruce  beetle  is  a  large,  stout,  black,  cylindrical  bark- 
beetle  6  to  7  mm.  in  length,  with  broad  convex  head,  the  sides  of 
pronotum  narrowed  and  constricted  toward  the  head,  and  surface 
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punctured  with  irregular  large  and  small  punctures,  the  elytra  with 
moderately  coarse  rugosities  between  moderately  distinct  rows  of 
pimctures,  and  the  declivity  not  strongly  convex  and  nearly  smooth, 
shining  in  the  male,  more  dull  and  roughened  in  the  female.  The 
entire  body  is  sparsely  clothed  with  long  hairs.  (See  fig.  85.)  It 
attacks  the  Uving  bark  on  the  trunks  of  Uving,  dying,  and  newly 
felled  trees,  stumps,  and  large  branches  of  Sitka  spruce,  from  New- 
port, Oregon,  northward  along  the  coast  to  Alaska,  probably  following 
the  distribution  of  the  tree  in  which  it  lives.  The  general  character 
of  attack  and  of  egg  and  larval  mines  is  practically  the  same  as  de- 
scribed xmder  D.  picea'perda,  except  that  the  larval  mines  are  perhaps 
more  generally  connected  toward  the  egg  gallery  and  that  the  pupal 
cases  are  sometimes  grooved  in  the  wood,  while  others  are  concealed 
in  the  outer  portion  of  the  inner  bark. 


Fig.  84.--The  Alaska  spruce  beetle:  DistributioD  map.    (Author's  illustration.) 
SEASONAL  HISTORY. 
OVERWINTERING   STAGES. 

The  winter  is  passed  principally  as  adults  and  matured  larvae 
in  the  inner  bark  on  trees,  logs,  and  stumps  where  they  developed 
the  preceding  summer. 

ACnVITY  OF  OVBRWINTBRBD  BROODS. 

Activity  of  the  overwintered  broods  begins  in  April.  The  adults 
begin  to  emerge  about  the  middle  of  April,  and  continue  to  come  out 
as  the  broods  of  overwintered  larvse  develop,  probably  until  the  1st 
of  July,  but  the  principal  period  of  emergence  is  during  May  and 
June. 
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The  adults  begin  to  attack  the  trees,  excavate  galleries,  and 
deposit  eggs  early  in  May,  and  continue  to  do  so  through  June, 
probably  until  August,  though  the  principal  period  is  in  May  and 
June.  Fresh  attacks  and  eggs  are  also  found  in  September,  either 
by  adults  of  overwintered  broods  or  those  developed  from  eggs 
deposited  early  in  the  spring.  The  larvae  begin  to  hatch  in  May, 
and  probably  continue  hatching  until  in  August,  but  the  principal 
period  is  in  June  and  July.  The  principal  period  of  larval  develop- 
ment is  during  June,  July,  and  August.  The  larvae  begin  trans- 
forming to  pupae  toward  the  last  of  July,  and  continue  transforming 

probably  until  winter,  but  the  princi- 
pal period  is  in  August  and  September. 
The  pupae  begin  to  transform  to  adults 
probably  during  the  second  week  in 
August,  and  continue  transforming  un- 
til winter.  The  principal  period  of 
transformation  to  adults  is  during  the 
month  of  September.  The  period  re- 
quired for  the  development  from  eggs 
to  adults  is  about  three  months. 

The  more  advanced  broods  of  the 
generation  complete  their  development 
by  the  last  part  of  August  and  first 
part  of  September,  while  the  later  ones 
evidently  pass  the  winter  as  mature 
larvae  and  imimature  adults,  to  com- 
plete their  development  the  following 
spring.  There  is,  therefore,  one  com- 
plete generation  during  the  year. 

The  fact  that  eggs  and  young  larvae 
are  common  in  September  indicates 
that  some  of  the  broods  of  the  first 
generation  may  emerge  in  the  fall  and  deposit  eggs  from  which  there 
is  a  partial  second  generation,  but  it  is  not  improbable  that  some  of 
the  parent  beetles  of  the  overwintered  broods  may  leave  the  trees 
after  they  have  completed  the  first  set  of  galleries,  and  excavate 
galleries  in  the  same  or  other  trees.  If  there  is  a  partial  second 
generation  the  brood  passes  the  winter  in  the  larval  stage,  possibly 
together  with  the  parent  beetles. 

HABrrs. 

This  species  appears  to  prefer  to  attack  the  hving  bark  on  the 
trunks  and  stumps  of  felled  trees  and  on  the  trunks  of  those  still 
standing  but  weakened  and  injured.     Apparently  it  will  not  attack 


Fio.  85.— The  Sitka  spruce  beetle  (Den- 
drocUmus  obems):  Adult.  Greatly  en 
larged.    (Author's  Illustration.) 
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healthy  trees  when  there  are  plenty  of  felled  and  injured  ones  for  it 
to  infest.  So  far  as  observed  it  attacks  only  the  Sitka  spruce,  but 
it  is  probable  that  it  will  be  found  in  the  Engelmann  and  white 
spruces,  if  they  grow  in  the  vicinity  of  the  Sitka  spruce. 

The  gallery  is  very  much  the  same  as  those  of  the  eastern  spruce 
beetle  and  the  Engelmann  spruce  beetle,  except  that  the  larval  mines 
appear  to  be  even  more  generally  connected  toward  the  egg  gallery. 
The  larvsB  and  pupae  are  either  exposed  or  hidden  in  the  inner  bark, 
and  the  pupal  cells  are  sometimes  grooved  in  the  surface  of  the  wood. 
Sufficient  observations  have  been  made  oa  the  flight  of  this  species 
to  indicate  that  it  flies  during  the  day,  and  even  in  bright  sunshine. 


Fig.  86.— The  Sitka  spruce  beetle:  Distribution  map.    (Author's  illustratioD.) 
ECONOMIC   FEATURES. 

So  far  as  observed,  this  species  has  not  been  foimd  attacking 
healthy  trees  in  sufficient  numbers  to  cause  their  death,  but  it  is  not 
improbable  that  imder  specially  favorable  conditions  for  the  increase 
of  its  broods  the  older  living  timber  might  be  attacked  and  killed  as 
it  is  by  the  eastern  spruce  beetle.  If  so,  the  evidence  of  attack  would 
be  similar  to  that  described  under  Nos.  14  and  15. 

METHODS   or   CONTROL. 

If  this  barkbeetle  should  be  foimd  killing  trees,  the  method  of  con- 
trol would  be  similar  to  that  recommended  under  the  eastern  spruce 
beetle,  except  that  summer  operations  of  barking  or  utilizing  the 
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infested  trees  during  June,  July,  and  August  would  be  less  objection- 
able. As  a  rule,  however,  winter  operations  would  be  preferable,  the 
work  to  be  completed  before  the  1st  of  April. 

BASIS   OF   INFORMATION. 

Information  regarding  this  species  is  based  on  investigations  by  the 
writer  at  Newport,  Oreg.,  April,  1899,  and  at  Hoquiam,  Wash., 
May,  1903;  by  Mr.  H.  E.  Burke  at  Aberdeen  and  Hoquiam,  Wash., 
April  to  June,  1903,  and  August,  1903,  at  Hoquiam  and  Aberdeen, 
Wash.,  May  to  September,  1904,  and  at  Hoquiam  May  and  June, 
1905.  Additional  localities  from  correspondence  and  other  collec- 
tions are  Queen  Charlotte  Islands  and  Vancouver,  B.  C.  It  is  rep- 
resented in  the  forest-insect  collection  of  the  Bureau  of  Ento- 
mology by  more  than  120  specimens. 

BIBLIOGRAPHY. 

Hopkins,  18996  (under  Dendroctonus  similis  and  sp.  near  D.  rufipennis)^  pp.  15,  21; 
Hopkins,  1902c,  p.  22;  Hopkins,  1903a,  p.  60;  Hopkins,  1904  (under  D.  ohems),  p.  19; 
Hopkins,  1909,  pp.  135-138. 

No.  18.    THE  REDWINGED  PINE  BEETLE. 
{DendrocUmus  rufipennis  Kirby.     Figs.  87,  ^,  88.) 

The  redwinged  pine  beetle  (fig.  87,  -4)  is  a  stout,  cylindrical  bark- 
beetle,  with  reddish  elytra  and  dark-brown  or  black  prothorax,  5  to 


Fig.  87.—^,  The  redwinged  pine  beetle  {Dendroctonus  rufipennis),  adult,  greatly  enlarged:  B,  the 
lodgepole  pine  beetle  {Dendroctonus  murrayanse),  larva,  less  enlarged.    (Author's  illustrations.) 
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7.5  mm.  in  length,  with  the  head  broad  and  convex;  the  prothorax 
slightly  narrower  than  elytra,  its  sides  narrowed  and  slightly  con- 
stricted toward  the  head,  the  surface  even  and  shining,  with  coarse 
and  small  punctures  intermixed;  the  elyira  with  moderately  coarse 
rugosities  between  rows  of  moderately  coarse  and  but  slightly  im- 
pressed rows  of  punctures,  and  the  declivity  smooth  and  shining  in 
the  female  and  less  shining  and  more  rugose  in  the  male.  It  attacks 
felled  white  pine  in  northwestern  Michigan.  The  primary  or  egg 
gallery  is  evidently  of  the  same  character  as  those  of  the  spruce 
beetles,  but  the  larval  mines  are  probably  like  those  of  the  European 
spruce  beetle  and  the  black  and  red  turpentine  beetles  of  this  coun- 
try.    The  larvflB  resemble  those  of  the   eastern  spruce  beetle  in  the 


Fio.  88.— The  redwinged  pine  beetle:  Distribution  map.    (Author's  illustration.) 

dorsal  plates  on  the  last  two  abdominal  segments,  but  are  distin- 
guished by  a  row  of  brown  spots  (spiracles)  on  each  side  of  the  body, 
as  in  figure  87,  B. 

SEASONAL   HISTORY. 

This  species  evidently  passes  the  winter  in  the  adult  and  larval 
stages.  Fully  developed  broods  and  larvse  were  found  by  Mr.  W.  F. 
Fiske,  October  20,  at  Grand  Island,  Mich.  Nothing  further  is 
known  of  the  life  history,  but  it  is  probable  that  it  will  not  differ 
materially  from  that  of  the  eastern  spruce  beetle. 

HABFTS. 

Mr.  Fiske  found  the  developed  broods  under  the  bark  on  the 
underside  of  the  trunk  of  a  storm-felled  white  pine  some  distance 
from  the  base.     Nothing  further  is  known  of  the  habits  of  this 
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species,  although  it  was  one  of  the  first  species  of  the  genus  to  be 
described  from  North  America. 

BASIS   OF   INFORMATION. 

Information  about  this  species  is  based  on  investigations  by  Mr. 
W.  F.  Fiske,  on  Grand  Island,  Mich.,  October,  1906.  An  additional 
locality  from  the  collection  of  the  United  States  National  Museum 
is  Whitefish  Point,  Mich.  The  species  is  represented  in  the  forest- 
insect  collection  of  the  Bureau  of  Entomology  by  14  specimens. 

BIBLIOGRAPHY. 

Hopkins,  1901a,  p.  16;  Hopkins,  1902&,  p.  10,  footnote;  Hopkins,  1909,  pp.  138-140. 

No.  19.  THE  LODGEPOLE  PINE  BEETLE. 

{Dendroctonus  murrayanx  Hopk.     Figs.  87,  B,  89.) 

The  lodgepole  pine  beetle  is  a  stout,  cylindrical  barkbeetle,  5.4  to  6.6 
mm.  in  length,  with  reddish  elytra  and  dark-brown  or  black  pro- 
thorax;  the  head  broad,  convex;  the  pronotum  slightly  narrower 
than  the  elytra,  its  sides  narrowed  and  constricted  toward  the  head, 
the  punctures  coarser  and  less  uneven  sizes  than  in  No.  18,  and  the 
elytra  with  rows  of  coarse,  shallow  punctures.  It  attacks  lodgepole 
pine  in  southern  Wyoming  and  occurs  northward  to  Alberta,  B.  C. 
The  egg  gallery  is  like  that  of  the  eastern  spruce  beetle,  but  the  larval 
mines  are  more  like  those  of  the  European  spruce  beetle.  Adults  were 
found  excavating  galleries  and  depositing  eggs  July  31,  at  Saratoga, 
Wyo.  (Medicine  Bow  National  Forest),  in  young  living  lodgepole  pine, 
by  Mr.  Jeremiah  Rebmann,  of  the  Forest  Service.  On  October  12 
parent  adults  and  half-grown  larvae  were  found  in  the  same  tree. 

HABFTS. 

According  to  Mr.  Rebmann's  observations,  the  species  attacks 
living  trees  toward  the  base,  excavates  galleries  as  much  as  18  inches 
in  length,  with  large  pitch  tubes  at  the  entrance,  and  deposits  the  eggs 
along  one  side,  partitioned  off  with  boring  dust.  The  same  trees 
were  thickly  infested  with  the  Oregon  Tomicus;  therefore  it  was  not 
determined  whether  the  Dendroctonus  or  the  Tomicus  made  the  first 
attack.  The  fact,  however,  that  there  were  large  pitch  tubes  indi- 
cated that  the  primary  attack  was  fiaade  by  this  species,  although  many 
other  trees  were  found  infested  and  killed  by  the  mountain  pine 
beetle.  The  work  of  the  lodgepole  pine  beetle  was  observed  in  but 
a  few  trees. 

Fragmentary  specimens  of  a  beetle  identified  as  this  species  were 
received  in  August,   1905,  through  the  Forest  Service,  from  Mr. 
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W.  E.  Jackson,  with  the  statement  that  the  beetle  was  doing  consid- 
erable damage  in  the  Big  Horn  National  Forest,  Wyo. 
Nothing  further  is  known  of  the  habits  of  this  species. 

BASIS   OF   INFORMATION. 

Infonnation  about  this  species  is  based  on  specimens  and  notes 
received  from  Forest  Assistant  Jeremiah  Rebmann,  of  the  Forest 
Service,  July,  August,  and  October,  1905,  collected  in  the  Medicine 
Bow  National  Forest,  Wyo.,  and  through  the  Forest  Service  from 
W.  E.  Jackson,  Big  Horn  National  Forest,  Wyo.;  on  investigations 
by  Mr.  W.  D.  Edmonston,  in  the  Pike  National  Forest  (Jefferson), 
Colo.,  December,  1906;  on  specimens  received  through  the  Forest 
Service  from  the  Cheyenne  National  Forest,  September,  1908.    Addi- 


FiG.  8».— The  lodgepole  pine  beetle:  Distribution  map.    ( Author's  illustration. ) 

tional  localities  from  correspondence  and  other  collections  are, 
Saratoga,  Yellowstone  National  Park,  and  Homestake,  Wyo.  It  is 
represented  in  the  forest-insect  collection  of  the  Bureau  of  Ento- 
mology by  more  than  100  specimens. 

BIBLIOGRAPHY. 
Hopkins,  1909,  pp.  140-142. 

No.  20.  THE  ALLEGHENY  SPRUCE  BEETLE. 

(Dendroctontis  punctaVua  Lee.    Figs.  90,  91.) 

The  Allegheny  spruce  beetle  is  a  stout,  brownish,  cylindrical  bark- 
beetle,  6.5  mm.  in  length,  resembling  D,  piceaperda,  but  larger,  with 
distinctly  longer  elytra  in  proportion  to  the  thorax;  head  broad, 
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shining;  thorax  slightly  narrower  than  elytra,  with  sides  distinctly 
narrowed  toward  the  head,  the  surface  with  coarse  and  fine  punc- 
tures; elytra  elongate,  with  coarse 
rugosities  between  rows  of  indis- 
tinct coarse  punctures,  the  punc- 
tures on  the  sides  of  the  elytra 
very  coarse;  the  declivity  with 
rows  of  coarse,  distinct  punctures, 
and  the  body  sparsely  clothed  with 
long  hairs.     (See  fig.  90.) 

BASIS   OF   INFORMATION. 

One  specimen  of  this  species  was 
taken  by  the  writer  in  the  higher 
mountains  of  Randolph  County, 
W.  Va.,  May  21,  1893,  from  a 
freshly  excavated  gallery  in- the 
bark  of  the  stump  of  a  red  spruce 
tree  felled  during  the  preirious 
winter.  This  appears  to  b^  all 
that  is  known  of  its  habits.     " 

It  is  represented  in  the  Le  Conte 
collection  by  two  specimens  from 
New  York,  from  which  descriptions 
were  made  in  1868,  and  by  one 
specimen  from  Pennsylvania  in  the  collection  of   the  Academy  of 


Fig.  90.— The  Allegheny  spruce  beetle  {Dendroc- 
ionua  pundahu):  Adult  Greatly  enlarged. 
(Author's  Illustration.) 


Ptq.  91.— The  Allegheny  spruce  beetle:  Distxibutlon  map.    (Author's  illustration.) 

Natural   Sciences,  Philadelphia,  Pa.     Therefore,  so  far  as  knovoi,  its 
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distribution  is  confined  to  the  region  of  the  mountains  of  West  Vir- 
ginia and  northward  to  northern  New  York. 

This  species  comes  nearer  to  the  European  spruce  beetle  than  it 
does  to  any  of  the  other  species,  and  therefore  will  probably  have 
similar  seasonal  history  and  habits. 

BIBLIOGRAPHY. 


Hopkins,  1899a,  p.  447;  Hopkins,  1909,  pp.  142-143. 


No.  21.    THE  EUROPEAN  SPRUCE  BEETLE. 
(Dendroctontis  micans  Kug.     Figs.  92-94.) 

.The  European  spruce  beetle  is  a  large,  stout,  reddish-brown,  cylin- 
drical barkbeetle,  7  to  8  mm.  in  length,  with  broad,  convex  head; 
short  prothorax,  with  sides  of  pronotum  distinctly  narrowed  and 
constricted  toward  head;  elytra  somewhat  shining,  with  moder- 
ately coarse  rugosities  between  rows  of  rather  distinct  pimctures, 
and  the  declivity  smooth  and  more  shiny  in  the  males  than  in  the 
females.  (See  fig.  92.)  According  to  European  writers,  it  attacks 
the  living  bark,  usually  at  the  base  of  injured,  dying,  and  living 
trees  and  stumps  of  felled  spruce,  pine,  fir,  and  larch,  from  central 
to  northern  Europe  and  in  Denmark,  Russia,  and  eastern  Siberia. 

HABFTS   AND   SEASONAL   HISTORY. 

It  is  said  that  the  broods  pass  the  winter  in  the  mines  in  the  bark 
as  parent  adults,  young  adults,  and  all  stages  of  larvae.  The  young 
adults  emerge  in  June  and  excavate  long,  irregular  egg  galleries 
(fig.  93),  usually  in  the  bark  at  the  base  of  stiunps  and  trees,  some- 
times extending  into  the  roots,  but  sometimes  at  various  points  on 
the  trunk,  even  to  and  among  the  branches.  The  female  deposits 
from  one  himdred  to  one  hundred  and  fifty  eggs  in  groups  of  from 
thirty  to  fifty,  and  the  larvae  proceed  in  a  body  to  excavate  broad 
brood  chambers  (fig.  93),  very  much  in  the  same  manner  as  with  the 
black  and  red  turpentine  beetles. 

The  broods  hatching  from  eggs  deposited  in  May  and  June  by  the 
overwintered  adults  develop  into  pupae  and  adults  by  September,  or 
later,  but  remain  in  the  brood  galleries  until  the  next  spring.  The 
broods  developing  from  overwintered  yoimg  larvae  transform  to 
pupae  and  adults  in  June  and  July,  emerge  and  deposit  eggs  in  July 
and  August,  or  later,  and  pass  the  winter  in  different  stages,  as  young 
to  matured  larvae. 
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ECONOMIC  FEATURES. 

It  is  said  that  this  species  prefers  to  attack  the  bark  on  the  base  of 
the  trunks  and  roots  of  sound  or  healthy  trees,  and  that  the  connect- 
ing of  the  broad  larval  chambers  from  the  same  egg  gallery  or  from 
several  galleries  has  the  effect  of  girdling  the  tree,  either  causing  its 
death  or  a  weakened  condition  which  attracts  other  barkbeetles  to 
complete  the  destruction.  Yoimg  as  well  as  old  trees  are  attacked, 
but,  while  this  species  will  breed  in  standing  injured  or  weakened 
trees,  it  rarely  breeds  in  felled  ones.     It  apparently  prefers  the 

spruces,  but  will,  according  to  dif- 
ferent authors,  attack  pine,  fir, 
and  larch. 

The  evidences  of  attack  are 
masses  of  gum  or  resin  and  so- 
called  pitch  tubes,  mixed  with 
reddish  boring  dust. 

METHODS   OF   CONTROL. 

Removing  the  bark  from  the  in- 
fested tnmk  and  roots,  or  scorch- 
ing it  if  not  removed,  is  recom- 
mended to  kill  the  broods.  Coat- 
ing the  trunks  of  the  trees  with 
a  preparation  of  tobacco  water, 
Spanish  blood,  lime,  fresh  cow 
dimg,  etc.,  is  recommended  as  a 
preventive. 

After  the  above  was  written 
the  writer  received  a  paper  on  the 
genus  Dendroctonus  from  Dr.  G. 
Severin  (1908),  director  of  the 
Royal  Museum  of  Natural  History 
of  Belgium.  A  large  series  of 
specimens  of  the  beetle  and  its 
work  was  also  received  from  Doctor  Severin,  which  was  of  special 
value  and  interest.  Doctor  Seyerin's  paper  covers  the  more  impor- 
tant historic  and  economic  information  on  the  species  recorded  in 
European  literature  to  1908.  Some  of  the  information  in  the  paper 
that  is  of  special  interest  in  connection  with  a  discussion  of  all  of 
the  species  is  summarized  as  follows: 

Information  from  Paper  on  the  Genus  Dendroctonus,  by  Dr.  G.  Severin 

(1908,  pp.  1-20). 

Dendroctonus  micans  alone,  of  all  the  hylesinids,  and  perhaps  of  all  the  scolytids, 
appears  to  love  the  resin  and  to  live  there  with  ease.  It  neglects  the  weak  trees  and 
is  found  principally  upon  trees  full  of  vigor,  of  an  age  of  30  years  and  more,  where  it 


Fia.  92.— The  European  spruce  beetle  (Den- 
droctonus micans):  Adult.  Greatly  enlarged. 
( Author's  illustration.) 
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lives  in  the  middle  of  pockets  full  of  reein.  During  the  larval  period  micans  conducts 
itself  differently  from  other  Belgian  hylesinids  in  that  each  larva  does  not  make  a 
separate  gallery,  but  all  work  together,  making  one  common  wide  gallery^  The  egg- 
laying  extends  sometimes  over  several  months.  This  results  in  a  parallel  develop- 
ment of  larvse,  pupae,  and  adults,  which  are  to  be  found  thus  during  the  greater  part 
of  the  year. 

The  excavation  of  the  gallery  begins  the  last  of  May  or  the  first  of  June. 

The  attack  of  the  insect,  which  traverses  the  bark  to  reach  the  sapwood,  causes  each 
time  an  abundant  flowing  of  resin  mixed  with  sawdust  and  excrement,  which  gives 
it  a  brownish  color,  sometimes  violaceous.  This  resin  often  forms  nipplelike  blocks, 
sometimes  30  mm.  high  by  25  nmi.  in  diameter,  which  dry  and  harden  in  the  air  and 
finish  by  crumbling.    The  particles  fall  at  the  foot  of  the  tree,  among  the  needles 


A  B 

Fig.  93.— The  European  spruce  beetle.  Egg  galleries  and  larval  chamber:  A,  Basal  sections  of  egg 
galleries;  B,  advanced  stage  of  work;  a,  entraiuo  burrow;  6,  excavated  July  8-16;  c,  excavated 
July&-29;  d,  eight  days  old;  e,  three  weeks  old;/,  basal  section;  g,  boring  dust;  A,  subsequent  or 
inner  gallery  ("mother  gallery");  J,  %gg  nest  with  eggs  scattered  about  in  boring  dust;  A;,  social 
chamber  excavated  by  larvse;  i,  boring  dust  and  resin;  to,  larvse  at  work.  (Adapted  from  Pauly, 
Forstlich-naturwissenschaftliche  Zeitschrift,  I  Jahrgang,  figs.  S  and  4.) 

forming  the  ground  cover,  often  being  in  a  very  considerable  number,  resembling  the 
dried  lumps  of  mortar  at  the  foot  of  a  freshly  constructed  wall,  following  the  excellent 
comparison  of  Altimi. 

The  egg  gallery  is  vertical,  frequently  curved  and  somewhat  irregular,  sometimes 
doubly  inflected,  having  12  to  20  cm.  of  length.  The  female  here  deposits  from  20  to 
25  eggs  several  times.  Following  this  she  quits  this  place,  to  conmience  upon  another 
point  of  the  same  tree  or  upon  neighboring  trecvs,  even  to  the  deposition  of  from  150 
to  200  eggs.  Sometimes  she  is  found  dead  in  a  final  gallery  having  deposited  but  a 
few  eggs,  the  rest  of  her  provision. 

The  egg  laying  is  done  slowly  after  this  preparatory  work.  It  is  therefore  easily 
understood  that  a  female  which  has  deposited  her  first  eggs  about  the  month  of  Jime 
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Bometimee  goes  to  the  month  of  September  before  having  finished  the  operation.  It 
transpires,  perhaps,  that  the  mother  hibernates  and  finishes  the  evacuation  of  her 
eggs  at  the  commencement  of  the  following  year. 

The  larvse  eat  very  close  together,  growing  equally  in  size  and  age  and  making  a 
common  cavity  underneath  the  bark.  These  larvse  are  white  and  resemble  those  of 
Pissodes  or  the  young  larvse  of  Hylobius.  In  order  to  go  through  the  pupal  stage, 
they  return  to  the  large  space  which  they  left  behind  them  and  which  is  filled  with 
excrement  agglutinated  by  resin.  It  is  there  that  they  construct  their  pupal  cases, 
unless,  departing  from  their  common  cavity,  they  eat  out  isolated  galleries  at  the  end 
of  which  the  pupal  cases  are  formed.  Ilere  they  hibernate  also  and  the  perfect  adults 
here  find  their  chamber  of  hibernation,  although  they  approach  a  little  nearer  the 
place  of  entrance. 

It  is  apparent  from  the  preceding  that  an  egg  laying  extending  often  over  several 
months  produces  evolutionary  cycles  very  different  from  each  other  as  long  as  it  laste. 

If  the  larvse  which  pass  over  the  winter  can  find  a  sufficient  quantity  of  heat  for 
their  complete  evolution  they  go  on  to  the  pupal  and  adult  stages.  Others  will  be 
found  later  which  will  not  be  able  to  terminate  their  larval  stage  before  the  weather 
turns  cold  again  and  will  be  obliged  to  hibernate  in  their  cells  made  in  the  middle  of 
the  dried  excrement.  Between  these  two  extreme  cases  one  finds  intermediate 
stages,  possibly,  for  example,  some  in  the  pupal  state. 

A  hatching  taking  place  toward  the  middle  of  this  favorable  period  would  not  per- 
mit them,  therefore,  to  attain  their  growth  before  winter. 

In  winter  the  adult  secretes  itself  most  often  in  wounds  on  the  tree,  where  the 
larval  state  has  been  passed,  or  else  it  eats  out  small  galleries  between  the  roots  and 
even  under  the  bark,  underneath  the  level  of  the  ground. 

This  giant  hylesinid  lives  almost  entirely  in  spruce.  The  trees  on  the  outskirts  of 
a  planting,  south  and  east,  so  that  they  are  more  exposed  to  the  rays  of  the  sun,  are 
the  most  menaced.  As  I  have  already  said,  the  spruces  from  25  to  50  years  old  are  the 
most  often  attacked,  but  the  old  plantings  from  60  years  and  more  are  not  immune. 

Micans  should  be  counted  among  the  insects  very  destructive  to  spruce.  If  the 
first  attack  does  not  kill  the  tree,  it  does  not  resist  the  attacks  of  the  following  genera- 
tion which  girdle  the  trunk  by  wounds  and  take  all  the  natural  adhesion  between  the 
bark  and  sapwood  away.  In  this  case  the  upper  part  of  the  trunk  dies  rapidly.  When 
attack  is  made  upon  the  roots  the  tree  continues  to  live,  at  least  while  there  are  not  a 
great  many  wounds  upon  several  roots. 

This  insect  was  first  introduced  in  forest  entomology  by  Von  Sierstorpf  in  1794  under 
the  name  of  Bostrichus  ligniperda,  but  neither  he  nor  Ratzebuig  much  later,  and  who 
did  not  repeat  the  statements  made  by  Saxesen,  believed  that  this  insect  was  a  serious 
enemy. 

Stein,  in  1852,  did  not  believe  it  injurious,  but  two  years  later,  in  1854,  he  had  to 
modify  his  opinion,  after  great  destructions  of  trees  in  the  forests  of  Neudorf  in  Saxony, 
where  micans  attacked  plantings  from  40  to  50  years  old,  which  had  to  be  cut  and 
sold  on  account  of  the  attacks  of  insects. 

Before  1858  the  insect  was  almost  unknown  to  Austrian  entomologists.  At  that 
date  KoUar  speaks  of  a  serious  attack  upon  the  spruces  100  years  old  in  the  Imperial 
Park  of  Laxenburg  near  Vienna,  where  micans  had  attacked  in  the  beginning  only 
some  old  trees  which  resisted  for  several  years. 

At  the  reunion  of  the  Foresters'  Society  of  Harz  in  1867  communications  upon  the 
presence  of  D.  micans  came  in  from  all  sides.  They  had  found  it  in  Harz,  in  Thurin- 
gerwald,  in  Anhalt,  and  in  the  plains  in  the  forestry  district  of  Marienthal,  near  Bruns- 
wick, without  meanwhile  considering  its  presence  a  great  nuisance. 

In  1872  at  the  same  assemblage  Gebelers  speaks  of  an  attack  at  Thale  in  Harz, 
where  D.  micans  had  destroyed  10  hectares  a  of  spruces  mixed  with  sylvestral  pines. 


«  English  equivalent,  24.71  acres. 
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all  of  them  about  35  years  old.  GlQck  in  1876  cites  a  very  strong  attack  in  Rheinfalz 
near  Coblenz.  Since  then  the  insect  appeared  everywhere  and  complaints  arise 
every  year  in  Grerman  forest  literature.  We  know  that  the  insect  in  its  continual 
extension  toward  the  west,  after  having  seriously  ravaged  the  plantings  of  Eiffel 
and  of  German  Herzogenwald,  has  finished  by  reaching  our  frontier,  and  that  it  was 
discovered  for  the  first  time  in  Belgium  in  1896  in  Herzogenwald. 

It  is  quite  clear  that  the  preparation  of  trap  trees  in  the  sense  that  one  understands 
them  for  the  other  scolytids  can  accomplish  nothing. 

The  remedial  measures  in  actual  use  are  as  follows:  When  the  laborer  going  to  his 
work  in  Herzogenwald,  or  the  forest  oflScer  on  his  circuit,  notices  any  of  the  character- 
istic signs  of  the  attack  of  D.  micans  he  does  not  fail  to  make  known  at  once  his  dis- 
covery. In  order  to  easily  find  the  tree  again  he  should  attach  aroimd  the  trunk  a 
belt  of  ferns  or  grass.  At  certain  periods,  several  times  during  the  dangerous  months, 
later  not  so  often,  a  worker,  armed  with  a  knife  and  a  pruning  knife,  sometimes  with 
a  light  ladder  and  a  pail  of  coal  tar  or  tar,  makes  the  inspection  of  the  contaminated 
region. 


Fig.  94.— The  European  spruce  beetle:  Distribution  map.    (Author's  illustration.) 

After  having  encircled  the  tree  with  a  special  apron  of  twist,  he  raises  the  bark  at 
the  place  of  attack,  cleans  out  the  woimd  made  by  the  larvae,  and  re-covers  it  with 
the  liquid  preservative.  The  dried  particles  taken  out  are  given  to  the  fire  and 
destroyed  to  the  last  particle,  except  diuring  the  months  of  smnmer,  when  the  parasite, 
Pimpla  terebrans f  is  to  be  found.  When  these  are  found  it  is  necessary  to  examine 
the  debris  upon  a  sheet  or  cloth. 

In  order  to  clean  out  the  wounds  found  upon  the  roots  at  their  branching,  a  tool  in 
the  form  of  a  recurved  spade  is  used. 

The  expense  resulting  from  such  surveillance  and  the  work  of  cleaning  is  not  excess- 
ive when  the  attack  is  in  its  infancy  and  the  trees  attacked  are  not  yet  numerous. 

Rarely  it  happens  that  the  tree  must  be  cut  down. 

It  is  not  the  same  when  the  insect  has  been  able  to  install  itself  in  a  planting  for 
several  years  and  to  form  serious  breeding  places.  In  order  to  avoid,  then,  making 
clearings  in  the  middle  of  dense  plantings,  it  is  necessary  to  proceed  with  great  pru- 
dence, to  clear  out  with  circumspection,  and  to  sometimes  clean  the  trees  high  and 
low  when  this  is  still  possible.  It  is  estimated  that  trees  which  are  not  attacked  for 
more  than  two-thirds  of  the  circumference  of  the  trunk  can  in  this  extreme  case  be 
cleaned  out  and  re-covered  carefully  with  coal  tar  or  tar. 
89535— Bull.  83,  pt  1—09 11 
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It  is  evident  that  the  price  of  cleaning  becomes  then  very  high;  but  we  are  com- 
pensated by  preserving  precious  trees  to  continue  the  existence  of  the  planting. 

In  conclusion,  we  counsel,  therefore,  repeated  visits  during  the  sunmier  months  in 
the  forests  where  the  presence  of  D.  micans  has  already  been  determined  and  in  those 
where  it  may  be  expected;  then,  visits  less  frequent  during  the  months  of  spring  and 
winter.  We  coimsel,  also,  the  assembling  of  all  the  official  personnel  of  the  forest 
service  as  soon  as  the  presence  of  the  insect  is  found  and  the  giving  of  instruction  as 
to  the  characteristic  appearances  attended  by  the  insect  attack.  I  f  necessary,  a  bounty 
might  be  paid. 

After  examining  the  trees  designated,  the  foresters  will  decide  whether  it  is  best  to 
cut  down  the  trees  or  clean  them. 

In  this  manner  it  will  be  everywhere  as  in  Herzogenwald,  where  a  rigorous  sur- 
veillance, but  not  at  all  expensive,  has  rendered  the  existence  of  the  insect  almost 
impossible. 

SPECIMENS. 

Tliis  species  is  represented  in  the  forest-insect  coUection  of  the 
Bureau  of  Entomology  by  90  specimens,  including  adults,  larvae, 
and  work. 

BIBUOGRAPHT. 

Ratzeburg,  1839  (under  Hylesinus  (Dendroctonus)  micans)^  p.  217;  Stein,  1854, 
(under  Ilylesinus  micans),  pp.  277-279;  Kollar,  1858,  pp.  23-28;  Eichhoff,  1881,  pp. 
125-128;  Altum,  1881,  pp.  262-266;  Judeich  u.  Nitsche,  1889,  pp.  458-462;  M^n^aux 
et  Cochon,  1897,  pp.  206-209;  Severin,  1902,  pp.  72-81,  145^152;  Weber,  1902,  p.  108; 
BrichetetSeverin,  1903,  pp.  244-258;  Baudisch,  1903,  pp.  151-152;  Quairi^re,  1904-5, 
torn  11,  pp.  626-628,  tom  12,  pp.  183-186;  Qui^vy,  1905,  pp.  334-335;  NOsslin,  1905, 
pp.  175-178;  Severin,  1908,  pp.  1-20;  Hopkins,  1909,  pp.  143-146. 

No.  22.    THE  BLACK  TURPENTINE  BEETLE. 
{Dendroctonus  terebrans  Oliv.     Figs.  95,  96.) 

The  black  turpentine  beetle  is  a  large,  stout,  dark-brown  or  black, 
cylindrical  barkbeetle,  5  to  8  mm.  in  length,  with  broad  prothorax, 
coarsely  punctured  pronotum,  the  sides  slightly  narrowed  toward 
the  head,  but  not  strongly  constricted;  the  elytra  with  coarse,  trans- 
verse to  obUque  rugosities  between  distinct  to  obscure  rows  of  punc- 
tures; the  declivity  convex,  with  moderately  deep  grooves,  the 
intervening  spaces  slightly  convex  and  roughened,  and  the  entire 
body  sparsely  clothed  with  long  hairs.  (See  fig.  95.)  It  attacks  the 
living  bark,  usually  at  the  base  of  injured,  dying,  or  healthy  trees,  or 
the  stumps  of  felled  pine  and  spruce,  from  Long  Island,  N.  Y.,  south- 
ward to  Florida  and  westward  to  Texas  and  West  Virginia,  but  it  is 
more  common  in  the  South  Atlantic  and  Gulf  States.  The  parent 
beetles  excavate  broad,  somewhat  irregular,  winding,  longitudinal 
or  sometimes  transverse  egg  galleries  through  the  inner  bark  and 
groove  the  surface  of  the  wood.  The  eggs  are  placed  in  groups  or 
masses  at  intervals  along  the  sides  of  the  galleries.  The  stout,  yel- 
lowish-white, cylindrical  larvae,  with  reddish  heads  and  stout  spines 
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on  the  dorsal  plates  of  the  last  abdominal  segments,  do  not  make 
separate  larval  mines,  but  all  feed  together  and  eat  out  cavities  in 
the  inner  bark  from  a  few  inches  square  to  several  feet  square.  They 
transform  to  pupae  and  adults  in  separate  or  closely-joined  cells  in  the 
inner  bark  or  inner  portion  of  the  outer  bark,  but  a  few  of  the  larvae 
sometimes  excavate  independent  mines  beyond  the  social  chamber 
for  the  purpose  of  pupating.  The  broods  work  independently  of 
other  species  and  occupy  and  separate  the  bark  around  the  base  of 
trees  and  stumps,  often  extending  their  work  for  a  foot  or  more 
under  the  bark  onto  the  roots  beneath  the  surface.  The  broad  lar- 
val cliambers  are  often  filled  with  semiliquid  resin  without  injury  to 
the  occupants.  The  attack  on  Uving 
trees  and  on  stumps  of  those  recently 
felled  is  indicated  by  large  masses  of 
pitch  and  pitch  tubes,  mixed  with  red- 
dish borings. 

SEASONAL   HISTORY. 
NoETHERN  Section. 

OVERWINTERING    STAGES. 

The  winter  is  passed  in  and  beneath 
the  bark  of  trees  and  stumps  attacked 
the  preceding  spring  and  summer,  as 
parent  adults,  larvae,  and  developed 
broods.  The  larvae,  as  a  rule,  occupy 
the  bark  on  the  roots  beneath  the  sur- 
face of  the  ground. 

ACTIVITY   OP   OVERWINTERED   BROODS. 

The    overwintered    parent    adults 

begin     to     extend     their    galleries     or      fig.  95.-Theblack  turpentine  beetle  (Z)«i- 

emerge  and  excavate  new  ones  early       t^:"^':^^:^,,^;,^^'''  '"'■ 

in  March  or  in  April,  depending  on 

the  locality,  and  probably  continue  active  until  June  or  later. 

The  overwintered  broods  of  developed  adults  begin  to  emerge  from 
the  bark  and  fly  early  in  March,  at  Tryon,  N.  C,  or  in  April  or  May 
farther  north  and  at  high  altitudes.  Their  principal  work  of  exca- 
vating egg  galleries  is  carried  on  during  April  and  May,  but  is 
continued  until  hibernation  begins  in  the  fall. 

The  overwintered  broods  of  large  larvae  evidently  complete  their 
development  and  emerge  in  May  and  June,  while  some  of  the  young 
larvae  may  not  complete  their  development  and  emerge  until  August 
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or  later.  Therefore  there  is  a  succession  of  emerging  adults  through- 
out the  greater  part  of  the  warm  season,  and  it  is  not  improbable  that 
some  of  them  pass  the  second  winter  as  matured  adults. 

GENERATION. 

The  broods  from  eggs  of  overwintered  parent  adults  evidently  de- 
velop into  adults,  some  of  which  emerge  before  hibernation  begins 
in  the  faU,  but  it  is  probable  that  most  of  them  pass  the  winter  as 
matured  adults.  The  overwintered  broods  of  adults  begin  to  deposit 
eggs  in  March  and  April,  and  continue  to  do  so  as  successive  broods 
appear  imtil  activity  ceases  in  the  fall.  The  eggs  begin  to  hatch  in 
March  and  April,  the  process  continuing  during  April  and  May  and 
imtil  July  or  later.  The  principal  active  or  feeding  stage  of  the 
larv8B  is  during  the  period  from  May  to  July,  but  this  stage  may 
occur  in  any  month  of  the  year.  The  more  advanced  broods  from 
eggs  deposited  in  March  evidently  transform  to  pupsB  and  adults  in 
July  or  August,  but  it  appears  that  the  principal  period  of  transfor- 
mation is  in  the  fall,  while  the  broods  from  eggs  deposited  in  the  sum- 
mer do  not  transform  imtil  the  following  spring. 

It  is  probable  that  some  of  the  adults  of  the  earUer  broods  may 
emerge  in  the  fall,  but  no  good  evidence  has  been  foimd  that  they 
do  so  in  the  northern  section  of  the  distribution.  There  is,  however, 
such  a  complex  overlapping  of  broods  that  it  has  been  diifficult  to 
arrive  at  any  conclusions  regarding  the  normal  period  required  for 
the  development  and  emergence  of  all  of  the  broods  of  a  generation. 
It  is  evident,  however,  that  in  the  northern  section  there  is  but  one 
generation  annually,  and  that  in  some  cases  it  may  require  two  years 
from  the  appearance  of  the  earliest  broods  until  all  of  the  latest  broods 
have  developed  and  emerged  and  that,  therefore,  individuals  of  one 
generation  may  pass  over  two  winters,  first  as  young  larvsB,  and  second 
as  matured  adults  and  larvse,  the  latter  from  eggs  deposited  in  the 
spring  by  the  overwintered  parent  adults.  It  may  also  happen,  as 
is  known  in  some  Curculionidse,  that  some  of  the  adults  may  live 
two  years  or  more. 

Southern  Section. 

In  the  region  east  of  central  North  Carolina  and  south  of  western 
North  Carolina  and  eastern  Tennessee  the  seasonal  history  differs 
from  that  in  the  northern  section,  mainly  in  the  fact  that  activity 
begins  earlier  in  the  spring  and  continues  later  in  the  faU,  that  in  its 
more  southern  distribution  it  evidently  continues  active  during  the 
entire  year,  and  that  there  is  one  complete  generation  and  a  par- 
tial second,  if  not  two  generations,  annually,  in  the  most  southern 
localities. 
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HABITS. 

This  species  prefers  to  enter  the  bark  at  the  base  of  injured  and 
dying  trees  and  the  stumps  of  those  newly  felled,  though  it  will 
attack  the  main  trunk  of  living  trees,  and  if  in  sufficient  numbers 
may  cause  their  death  without  the  aid  of  other  agencies.  Evidences 
of  this  have  been  noted  by  the  writer  on  Long  Island,  N.  Y.,  by 
Mr.  W.  F.  Fiske  in  Texas,  and  by  Dr.  J.  B.  Smith  (1899)  in  New 
Jersey.  In  the  South,  however,  its  principal  injury  is  effected  at 
the  base  of  living  pine  trees,  where  its  attack  causes  large  scars, 
usually  recognized  as  basal  fire  wounds. 

It  has  been  found  in  practically  all  of  the  pines  within  its  range, 
and  a  few  specimens  were  taken  by  Mr.  Fiske  excavating  gaUeries  in 
spruce  in  the  high  mountains  of  North  CaroUna. 

A  few  specimens,  taken  by  the  writer  in  West  Virginia  from  yellow 
and  white  pines,  appear  to  represent  quite  a  distinct  variety  of  the 
normal  southern  form,  while  specimens  of  the  normal  form  were  taken 
from  scrub  and  pitch  pine  at  Kanawha  Station,  W.  Va.  The  princi- 
pal distribution  of  the  species  is  south  of  the  area  occupied  by  the 
red  turpentine  beetle,  but  the  two  overlap  along  the  middle  Atlantic 
States  from  North  Carolina  to  Long  Island,  New  York,  and  along 
the  mountains  from  North  Carolina  to  Pennsylvania. 

In  its  southern  distribution  it  is  often  found  in  large  numbers  in 
the  stumps  of  feUed  trees  wherever  winter  and  spring  timber-cutting 
operations  are  carried  on,  and  in  hghtning  or  fire-injured  trees,  but 
especiaUy  in  the  bark  at  the  base  of  pine  trees  killed  or  injured  by 
other  insects.  It  shows  a  preference  for  the  base  of  pine  trees  and 
stumps,  but  will  breed  in  the  bark  on  the  underside  of  prostrate 
trunks. 

The  parent  beetles  excavate  their  broad,  irregular,  sometimes 
branched,  longitudinal  egg  galleries  for  a  distance  of  a  few  inches  to 
many  feet,  through  the  inner,  living  bark.  If  the  bark  is  living, 
healthy,  and  full  of  resin,  the  progress  in  making  an  entrance  through 
the  inner  bark  and  extending  the  galleries  is  slow,  so  that  often  a 
large  mass  of  resin,  or  so-caUed  pitch,  is  ejected  through  the  entrance 
burrow  before  the  beetles  ovei:come  this  obstacle.  In  the  meantime 
the  adults  will  often  be  found  active,  even  when  literaUy  imbedded  in 
the  semiliquid  mass  of  resin.  The  gallery  is  first  extended  upward 
above  the  entrance,  though  later  it  may  be  extended  downward,  or, 
if  there  is  but  little  resin,  downward  from  the  start.  Ten  to  forty, 
or  more,  eggs  are  placed  in  an  elongated  mass  at  intervals  along  one  or 
both  sides  of  the  gallery.  When  the  larvae  hatch  they  proceed  in  a 
body  to  feed  on  the  bark  and  ultimately  excavate  a  cavity,  often 
many  square  feet  in  extent,  which  crosses  and  obliterates  the  primary 
gallery.     When  these  large  brood  or  larval  chambers  are  excavated 
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in  the  bark  of  a  living  tree,  they  are  often  found  filled  with  liquid 
resin,  yet  the  larvae  will  continue  their  work,  apparently  undisturbed 
by  it.  The  larvae,  which  are  stout,  cylindrical,  yellowish-white,  foot- 
less grubs,  with  broad  dorsal  plates  on  the  last  abdominal  segments 
armed  with  6  stout  spines,  transform  to  pupae  and  adults  in  separate 
or  adjoining  cells  in  the  borings  in  the  larval  chamber,  or  in  separate 
cells  extended  from  the  margin  or  into  the  roof  of  the  chamber. 
When  the  broods  of  adults  are  fully  developed  and  ready  to  emerge 
they  usually  bore  through  the  intervening  bark  and  congregate  in  the 
main  chamber,  where  they  mate  and  await  the  proper  time  for  them 
to  emerge.  They  then  bore  a  few  exit  holes,  or  utiUze  the  ventilating 
holes  in  the  old  gallery,  through  each  of  which  many  individuals 
emerge.  In  locaUties  where  this  species  is  abundant  it  sometimes 
congregates  in  swarms  of  greater  or  less  extent,  accompanied  by 
associates,  guests,  and  enemies  (see  pp.  159-160). 

ECX)NOMIC   FEATURES. 

In  general,  tliis  species  is  of  secondary  importance  in  its  relation  to 
the  death  of  pine  timber,  but  occasionally  it  has  been  found  in  the 
r61e  of  the  primary  and  only  cause  of  the  death  of  trees,  especially  on 
Long  Island,  New  York,  and  in  New  Jersey.  The  principal  injury, 
however,  is  usuaUy  confined  to  the  base  of  Uving  pine  trees.  The 
broad  larval  chambers  separating  tlie  bark  over  areas  of  greater  or 
less  extent  might  in  many  cases  heal  without  serious  harm,  but  the 
dead  bark,  with  the  pitch  masses  on  the  outside  and  the  dried  resin 
and  borings  beneath,  offers  the  most  favorable  conditions  for  subse- 
quent injuries  by  forest  fire^,  and  thus  these  larval  chambers  are  the 
primary  cause  of  a  very  large  percentage  of  the  so-caUed  ''fire  scars" 
or  fire  wounds  wliich  are  so  prevalent  at  the  base  and  lower  portion 
of  the  trunks  of  living  trees  in  the  South.  If  a  forest  fire  bums  the 
bark  and  resin  and  exposes  the  wood,  it  becomes  dry  and  is  usually 
mined  by  round-headed  and  fiatheaded  wood-borers.  Or  the  wood 
may  become  either  pitchy  or  decayed,  so  that  the  next  fire  bums 
deeply  into  it  and  kills  a  larger  area  of  the  bark.  Thus  each  subse- 
quent fire  contributes  to  an  extension  of  the  wound  until  in  many 
cases  the  tree  is  so  weakened  that  it  is  broken  down  by  wind  or 
attacked  and  killed  by  other  barkbeetles.  In  the  aggregate,  this 
primary  injury  by  the  beetle  results  in  very  extensive  losses  of  some 
of  the  best  timber. 

EVIDENCES   OP   ATTACK. 

The  first  evidences  of  the  work  of  the  beetle  are  found  in  fresh 
masses  of  pitch,  or  large  pitch  tubes,  mixed  with  reddish  borings,  at 
or  near  the  base  of  Uving  trees  and  the  stumps  of  recently  feUed  ones. 
Subsequent  evidence,  until  destroyed  by  fire,  is  found  in  the  old  pitch 
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masses  on  the  surface,  traces  of  primary  galleries  imder  the  bark  or 
on  the  wood,  or  roimd  holes  in  the  loose  dead  bark  over  the  woimd. 
The  commercial  value  of  the  trees  attacked  by  this  beetle  is  not 
materially  affected  imtil  after  the  injury  has  been  extended  into  the 
trunk  by  fire,  wood-boring  insects,  decay,  etc.,  to  a  point  where  the 
vitahty  is  greatly  reduced  or  the  tree  becomes  worthless. 

FAVORABLE   AND  UNPAVORABLB   CONDITIONS  FOR  THB   BEETLE. 

Favorable  conditions  for  the  multipUcation  of  this  beetle  and  its 
injury  to  Uving  timber  are  foimd  in  sections  where  for  several  years 
a  large  amount  of  pine  timber  has  been  killed  or  injured  by  insects, 
or  feUed  and  broken  by  storms,  lumbering  operations,  etc.,  followed 
.by  a  year  in  which  no  timber  dies  or  is  injured  or  killed.  Under 
these  conditions  the  vast  numbers  of  this  insect  which  have  bred  in 
the  injured  and  dying  trees  will,  through  necessity,  attack  the  Uving 
trees  and  cause  serious  and  widespread  damage  the  first  year.  This 
will  usually  be  followed  by  little  or  no  damage  in  succeeding  years, 
unless  favorable  conditions  are  again  presented  for  their  multipli- 
cation. The  first  year  after  the  disappearance  of  the  southern  pine 
beetle  in  West  Virginia  the  swarms  of  the  red  turpentine  beetle 
caused  extensive  injuries  to  the  base  of  living  trees,  but  for  many 
years  thereafter  the  species  was  rare  and  did  no  harm.  Unfavor- 
able conditions  for  injury  to  Uving  trees  by  this  insect  are  foimd  in 
healthy  forests  under  a  system  of  forest  management  which  requires 
more  or  less  continuous  timber-cutting  operations  to  utilize  the  older 
matured,  injured,  and  dying  trees. 

METHODS   OF   CONTROL. 

Since  the  habits  of  this  beetle  and  the  character  of  the  injury 
caused  by  it  are  in  marked  contrast  to  those  of  nearly  aU  other 
species  of  the  genus,  the  problem  of  control  is  quite  different.  The 
principal  injury  is  to  the  base  of  Uving  trees,  which,  in  itself,  may  be 
sUght,  but  when  aggravated  and  extended  by  subsequent  and  quite 
different  causes  may  become  quite  extensive.  Therefore  the  object 
should  be  to  prevent  the  primary  injury  by  preventing  the  undue 
multipUcation  of  the  beetle,  or  by  furnishing  a  continuous  supply  of 
more  attractive  breeding  places,  as  in  the  case  of  continued  lumber- 
ing operations.  The  first  may  be  accomplished  if  within  quite  an 
extensive  area  the  infested  bark  is  removed  from  the  base  of  insect- 
kiUed,  Ughtning-struck,  and  otherwise  injured  or  dying  trees,  as  weU 
as  from  the  stumps  of  those  feUed  during  local  or  sporadic  timber- 
cutting  operations.  This  work  should  be  done  during  the  faU  and 
winter  foUowing  infestation,  beginning  with  the  first  of  September 
and  ending  with  the  first  of  March.     Where  only  a  few  trees  in  a  lawn 
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or  park  are  involved,  or  even  where  many  are  attacked  in  a  forest 
under  a  complete  system  of  forest  management,  serious  injury  may 
be  prevented  by  cutting  the  beetles  out  of  the  bark  with  a  chisel  or 
knife  as  soon  as  the  discharge  of  resin  on  the  bark  indicates  their 
presence;  or  they  can  often  be  killed  quickly  and  effectually  by 
means  of  a  stout  wire  inserted  into  the  entrance  burrow,  if  done  before 
the  parent  beetles  have  extended  their  galleries  into  the  inner  bark 
beyond  2  or  3  inches. 

It  appears  that  in  places  where  continued  timber-cutting  opera- 
tions are  carried  on  there  are  sufficient  and  most  attractive  breeding 
places  for  this  beetle;  therefore  in  such  sections  little  or  no  damage 
to  the  living  and  otherwise  uninjured  trees  will  result.  If  the  cutting 
should  be  discontinued  for  one  or  more  years  throughout  a  large 


Fig.  96.— The  black  turpentine  beetle:  Dtotribntlon  map.    (Author's  illustration.) 

area,  and  if  it  seems  desirable,  the  infested  bark  may  be  removed 
from  the  majority  of  the  stumps  of  trees  felled  during  the  fall,  winter, 
and  spring,  or  the  brush  piled  around  the  stumps  and  burned,  the 
work  to  be  done  during  the  fall  and  winter  foUowing  the  cutting. 
•  In  case  the  removal  of  the  bark  from  the  stumps  is  required  in 
timber-cutting  contracts,  it  should  be  specified  that  the  bark  must 
not  be  removed  until  after  it  becomes  infested  with  broods  of  larvae, 
or,  in  other  words,  the  stumps  of  trees  felled  in  the  fall,  winter,  and 
spring  should  not  be  barked  to  destroy  the  broods  of  this  beetle 
before  the  following  June  or  July,  but  the  barking  must  be  com- 
pleted before  the  following  March.  Trees  felled  during  the  spring 
and  summer  to  serve  as  traps  should  not  have  the  bark  removed  for 
at  least  two  months  after  such  operation. 
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In  some  sections  of  the  conntry  this  beetle  appears  to  be  attracted 
to  the  trunks  of  felled  trees  much  more  than  in  others,  depending 
probably  on  the  species  of  tree  and  local  conditions  relating  espe- 
cially to  the  presence  or  absence  of  certain  other  insects  which  would 
or  would  not  interfere  with  the  development  of  their  broods.    . 

BASIS   OF   INFORMATION. 

Information  in  regard  to  this  beetle  is  based  on  investigations  by 
the  writer  in  West  Virginia,  at  Romney,  July,  1891;  at  Dellslow, 
March  and  November,  1891;  at  Crow,  April,  1893;  in  Randolph 
County,  in  spruce  forest.  May,  1893;  at  Kanawha  Station,  July,  1903; 
in  North  Carolina,  at  Fletchers,  July  and  November,  1902;  at  Tryon, 
July,  1902,  March,  1903,  and  October,  1903;  at  Boardman,  Novem- 
ber, 1904;  at  Lumber,  S.  C,  March,  1903;  at  Kirbyville,  Tex., 
November,  1902;  on  Long  Island,  New  York,  September,  1903;  at 
Roosevelt,  W.  Va.,  and  Virginia  Beach,  Va.,  June,  November,  and 
December,  1907;  on  investigations  by  Mr.  W.  F.  Fiske  in  North 
Carolina,  at  Tryon,  March,  April,  May,  and  November,  1903,  Novem- 
ber, 1904,  and  March,  May,  and  July,  1905;  at  Pisgah  Ridge  Moim- 
tain,  September,  1904;  at  Pink  Beds,  September,  1904,  and  May, 
1905;  at  Biltmore,  May,  1905;  at  Cornelia,  Ga.,  November,  1903;  at 
ThomasviUe,  Ga.,  March,  1905;  at  New  Landing,  S.  C,  August,  1903; 
at  Chicora,  S.  C,  November,  1904;  at  Call,  Tex.,  February,  1905, 
and  at  D'eweyville,  Tex.,  March,  1905.  Additional  localities  through 
corr^pondence  and  from  other  collections  are :  New  Brunswick  and 
Lakewood,  N.  J.;  Islip,  Long  Island,  New  York;  Calhoun,  Ala.;  Tark- 
ington  and  Austin,  Tex.;  Tampa,  Fla.,  and  Marion  County,  Fla.;  Glen 
Allen  and  Fort  Monroe,  Va.  Represented  in  the  forest-insect  collection 
of  this  Bureau  by  over  400  specimens,  including  all  stages  and  work. 
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No.  23.  THE  RED  TURPENTINE  BEETLE. 
(Dendroctonus  valens  Lec.o    Figs.  97-102.) 

The  red  turpentine  beetle  is  a  large,  stout,  light  to  dark  red,  cylin- 
drical barkbeetle,  5.7  to  9  mm.  in  length,  with  head  broad,  convex,  lack- 
ing grooves  or  longitudinal  impressions;  the  pronotum  broad,  coarsely 

'■ ' . 

a  Referred  to  under  Dendroctonus  terebrans  in  earlier  literature. 
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punctured,  becoming  finer  toward  base,  the  sides  slightly  narrowed 
toward  the  head,  but  not  strongly  constricted;  the  elytra  with  coarse, 
transverse  to  oblique  rugosities  between  distinct  to  obscure  rows  of 
punctures;  the  declivity  convex,  with  moderately  deep  grooves,  and 
the  intervening  spaces  slightly  convex  and  roughened;  the  entire 
body  sparsely  clothed  with  long  hairs.     (See  fig.  97.) 

It  attacks  the  living  bark  on  injured,  dying,  healthy,  and  feUed  pine 
and  spruce  in  eastern  United  States  and  Canada,  north  from  the 

mountains  of  North  Car- 
olina, westward  to  the 
Pacific  coast,  and  south- 
ward from  British  Co- 
lumbia into  Mexico.  The 
parent  beetles  excavate 
broad,  somewhat  irregu- 
lar, winding,  longitudi- 
nal egg  galleries  (fig.  98) 
through  the  inner  bark 
and  groove  the  surface 
of  the  wood.  The  eggs 
are  placed  in  groups  or 
masses  at  intervals  along 
the  sides  of  the  galleries. 
The  stout,  yellowish- 
white,  cylindrical  larvsB, 
with  reddish  heads  and 
stout  spines  on  the  dorsal 
plates  of  the  last  ab- 
dominal segments,  do 
not  make  separate  larval 
mines,  but  all  feed  to- 
gether and  eat  out  cavi- 
ties in  the  inner  bark  from 
a  few  inches  square  to 
several  feet  square  (see 
fig.  98) .  They  transform 
to  pupaB  and  adults  in 
separate  or  closely  joined  cells  in  the  inner  bark,  or  inner  portion 
of  the  outer  bark,  or  in  mines  extending  from  the  social  cham- 
ber. The  broods  work  independently  of  other  species  and  occupy 
and  separate  the  bark  around  the  base  of  trees  and  stumps  (see 
fig.  99),  often  extending  their  work  for  a  foot  or  more  onto  the 
roots  beneath  the  surface,  and  the  broad  larval  chambers  are  often 
filled  with  semiUquid  resin,  without  injury  to  the  occupants.     The 


Fia.  97.— The  red  turpentine  beetle  (Dendrodontu  voUeru): 
Adult  Greatly  enlarged.  (Author's illustration.)  (See also 
fig.  4,  larva;  fig.  6,  pupa.) 
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attack  on  living  trees  and  on  the  stumps  of  those  recently  feUed  is 
indicated  by  large  masses  of  pitch  and  pitch  tubes,  mixed  with 
reddish  borings. 

SEASONAL  HISTORY. 


OVERWINTBRINO   STAGES. 


The  winter  is  passed  in  and  beneath  the  bark  of  trees  and  stumps 
attacked  the  preceding  spring  and  summer,  as  parent  adults,  larvae, 
and  developed  broods,  the  larvsB,  as  a  rule,  occupying  the  bark  on  £he 
roots  beneath  the  surface  of  the  groimd. 


Fio.  96.— The  red  turpentine  beetle.  Egg  galleries  and  larval  chamber:  A,  Incomplete  egg  galleries 
with  boring  dust  removed;  B,  normal  gallery;  C,  advanced  stage  of  work;  a,  entrance  burrow; 
5,  basal  section;  r,  ventilating  burrow;  d,  egg  ne^i  with  eggs;  e,  boring  dust;  /,  subsequent  or  inner 
galleries;  g,  larvse  at  work:  A,  pupal  cell  in  boring  dust  mixed  with  resin.    (Author's  illustration.) 

ACTIVITY  OF  OVERWINTERED  BROODS. 

The  overwintered  parent  adults  begin  to  extend  their  galleries 
during  the  first  warm  weather  in  March,  April,  or  June,  depending 
on  locality,  and  probably  continue  to  work  in  these,  or  excavate  new 
galleries,  imtil  July  and  August,  or  later.  It  is  probable  that  after 
finishing  one  gallery  they  emerge  and  excavate  new  ones,  and  that  this 
process  may  be  repeated  during  the  summer  and  fall.  It  is  also  not 
improbable  that  some  of  them  may  pass  the  second  winter.  The 
overwintered  broods  of  young  adults  begin  to  emerge  from  the  bark 
in  April  and  continue  to  do  so  during  May  and  June,  and  less  com- 
monly imtil  August,  or  later;  they  excavate  gaUeries  principaUy  in 
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May  and  June,  and  continue  activity  until  hibernation  begins  in  the 
fall.  The  overwintered  broods  of  large  larv»  evidently  complete  their 
development  to  pupae  and  adults  and  emerge  by  July,  while  the  young 
larvae  may  not  complete  their  development  and  emerge  until  in 
September  and  October,  and  some  individuals  may  pass  the  second 
winter  as  adults. 

GENEBATTON. 

The  overwintered  broods  of  adults  evidently  begin  to  excavate 
galleries  and  deposit  eggs  in  the  period  from  April  to  June,  depending 
on  latitudes  and-  altitudes,  and  continue  their  activity  as  successive 
broods  emerge,  during  Jime,  July,  August,  and  until  September,  or 
later.  The  eggs  begin  to  hatch  probably  within  a  week  or  ten  days 
after  they  are  deposited.  This  process  continues  during  May  and 
June  or  July,  until  September,  or  later.  The  larval  development  is 
principally  during  July,  August,  and  September,  but  continues  until 
hibernation  begins.  The  more  advanced  larvae  begin  to  transform 
to  pupae  and  adults  in  August,  while  some  of  the  others  continue  trans- 
fonhation  during  September  and  October,  imtil  cold  weather,  when 
larvae  of  all  stages,  pupae,  and  adults  are  foimd. 

While  it  is  possible  that  some  of  the  more  advanced  broods  in  the 
warmer  localities  may  emei^e  in  the  late  sununer  or  early  fall,  it  is 
evident  that  by  far  the  greater  number  pass  the  winter  in  the  bark, 
where  they  develop  and  emerge  in  the  following  spring  and  summer. 

The  possibility  of  individuals  of  the  overwintered  parent  adults,  as 
well  as  of  young  adults  of  the  overwintered  brood,  excavating  more 
than  one  gallery,  during  the  season,  together  with  the  probability  that 
some  in<lividuals  of  a  single  generation  may  pass  through  two  or  even 
three  winters,  involves  such  an  overlapping  of  broods  of  diflFerent 
generations  that  6ven  with  extensive  observations  it  has  been  impos- 
sible to  arrive  at  any  definite  conclusions  regarding  the  normal  period 
required  for  the  development  and  emergence  of  all  of  the  broods  of  a 
generation. 

HAsrrs. 

This  species  prefers  to  enter  the  bark  of  injured  or  dying  trees  or 
that  of  the  stumps  and  logs  of  those  which  have  been  felled,  but  often 
attacks  the  perfectly  healthy  bark  on  the  base  and  roots  of  healthy, 
living  trees. 

It  has  been  found  in  practically  all  of  the  eastern  pines  and  spruces 
within  its  range  of  distribution,  and  in  nearly  all  of  the  principal 
western  pines,  but  in  none  of  the  western  spruces  except  the  white 
spruce  in  the  Black  Hills  of  South  Dakota.  It  is  probable  that  none 
of  the  species  of  pine  and  spruce  growing  within  its  range  is  exempt 
from  its  attack.     We  have  no  records  of  it  in  fir  (Abies),  or  in  Doug- 
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las  fir,  and  it  is  not  likely  that  it  will  infest  these  trees,  but  it  has  been 
found  in  the  eastern  larch. 

It  is  often  exceedingly  abimdant  in  the  stumps  of  felled  trees 
where  timber-cutting  operations  are  carried  on,  in  fire-scorched  trees, 
and  especially  in  the  bark  at  the  base  of  those  killed  by  other  species 
of  Dendroctonus,  or  by  lightning,  or  storm,  or  otherwise  injured  and 
broken.     It  shows  a  decided  preference  for  the  bark  on  the  base  of 


Fig.  99.— The  red  turpentine  beetle.  Work  in  bnrk  at  base  of  tree:  a.  Entrance  and  pitch  tube;  b,  egg 
gallery;  c.  boring  dust  and  resin;  d,  pupal  cell;  e,  pupn;  /,  larvse  at  work  feeding  on  inner  living 
bark;  g,  exit  burrows;  A,  resulting  old  scar  or  basal  wound,  often  referred  to  as  basal  fire  wound; 
i,  inner  bark  with  outer  corky  bark  removed.    (Author's  Illustration.) 

pine  trees  and  stumps,  and  is  rarely  common  in  the  logs  or  prostrate 
trunks,  even  of  pine. 

The  parent  beetles  excavate  their  broad,  irregular,  sometimes 
branched,  longitudinal  egg  galleries,  from  a  few  inches  to  many  feet  in 
length,  through  the  inner  living  bark.  If  the  bark  is  living  and 
healthy  and  f  uU  of  resin,  the  progress  in  making  an  entrance  through 
the  inner  bark  and  extending  the  gaUeries  is  slow,  and  often  large 
masses  of  resin  or  so-called  pitch  are  pushed  out  at  the  entrance  before 
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they  overcome  this  obstacle.  In  the  meantune  the  adults  will  often 
be  found  active,  even  when  literally  embedded  in  the  semiliquid  mass 
of  resin.  The  gallery  is  first  extended  in  one  direction  above  the 
entrance,  but  later  it  may  be  extended  below,  or,  if  there  is  but  little 
resin,  may  extend  downward  from  the  start.  Ten  to  forty  or  more 
eggs  are  placed  in  an  elongated  mass  along  one  or  both  sides  of  the 
gallery,  and  when  the  larv»  hatch  they  proceed  in  a  body  to  feed  on 
the  bark  and  ultimately  excavate  a  cavity,  often  many  square  feet  in 
extent  (fig.  101),  which  crosses  and  obliterates  the  primary  gaUery. 
When  these  large  social  brood  or  larval  chambers  are  excavated  in  the 


Fio.  100.— The  red  turpentine  beetle:  Burnl  wound  In  living  tree  resulting  from  primary  Injury  by 
this  species.    Often  mistaken  for  fire  wound.    (Author's  illustration.) 

bark  of  a  living  tree,  they  are  often  found  filled  with  Uquid  resin,  yet 
the  larvae  will  continue  their  work,  apparently  undisturbed  by  it. 
The  larv8B,  which  are  stout,  cylindrical,  yellowish-white,  footless 
grubs,  with  broad  dorsal  plates  on  the  last  abdominal  segments  armed 
with  six  stout  spines,  transform  to  pupse  and  adults  in  separate  or 
adjoining  cells  in  the  borings  in  the  larval  chamber  or  in  separate 
cells  extended  from  the  margin  or  into  the  roof  of  the  chamber.  When 
the  broods  of  adults  are  fully  developed  and  ready  to  emerge,  they 
usually  bore  through  the  intervening  bark  and  congregate  in  the  main 
chamber,  where  they  mate  and  await  the  proper  time  for  them  to 
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emerge.  They  then  bore  a  few  exit  holes  or  utilize  the  ventilating 
holes  in  the  old  gallery,  through  each  of  which  many  individuals 
emerge.  In  localities  where  this  barkbeetle  is  abundant  it  sometimes 
congregates  in  swarms  of  greater  or  less  extent,  accompanied  by  asso- 
ciates, guests,  and  enemies. 

The  flight  habits  of  all  of  the  species  of  Dendroctonus  are  more  or 
less  obscure,  but  some  observations  have  been  made  on  the  swarm- 
ing habits  of  this  species,  as  recorded  by  the  writer  in  Bulletin  No.  56 
of  the  West  Virginia  Agricultural  Experiment  Station,  pages  346-348, 
which  are  perhaps  worthy  of  repetition  in  this  connection: 


Fig.  101.— Western  yellow  pine  showing  work  of  the  red  turpentine  beetle,  FlngstalT,  Ariz.  (Original.) 

Returning  to  Morgantown,  W.  Va.,  on  May  12,  I  learned  from  my  aspistant,  Mr, 
W.  E.  Rumsey,  and  others,  that  a  great  swarm  of  barkbeetles  had  passed  through 
Moigantown  on  May  4.  They  were  especially  abundant  in  and  around  furniture 
factories  and  new  houses  that  were  being  painted,  and  wherever  there  was  an  odor 
of  turpentine.  In  fact,  they  came,  as  it  was  expressed,  "like  a  hailstorm,"  into 
open  windows  and  doors,  and  were  the  cause  of  considerable  alarm  on  the  part  of  the 
inhabitants,  who  thought  that  a  plague  of  bugs  had  visited  the  place.  The  new 
greenhouses  that  were  being  constructed  and  painted  at  the  experiment  station  were 
central  points  of  attraction.     Here  they  occurred  like  swarms  of  bees. 

While  this  remarkable  swarm  consisted  mainly  of  the  turpentine  barkbeetles,  it 
would  appear  from  the  dead  and  living  examples  that  I  found  in  the  greenhouses 
and  adhering  to  the  paint  that  it  was  accompanied  by  numerous  species  of  bark  and 
timber  beetles  and  also  by  some  of  their  enemies.     I  was  greatly  disappointed  that 
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I  did  not  see  this  swann  or  the  many  others  like  it  which  I  subsequently  learned 
occurred  in  different  sections  of  the  State  about  the  same  time,  since  it  would  have 
been  very  interesting  and  important  to  know  the  number  of  species  that  occurred 
in  them  and  the  approximate  proportions  of  each. a 

On  my  way  to  the  spruce  forests  on  May  20,  I  was  informed  at  Bretz,  Tucker 
County,  W.  Va.,  that  the  swarm  had  occiured  there  on  April  30.  They  came  from 
the  southeast  and  '^ showered  against  the  windows  like  hail/'  and  entered  through 
the  open  doors  into  the  houses  in  such  numbers  that  they  had  to  be  swept  out.  I 
found  a  few  examples  of  the  turpentine  beetle  in  the  office  of  Mr.  Shaw,  who  informed 
me  that  it  was  the  same  insect  that  occurred  in  the  swarm.  At  Mr.  Frank  Bennetts, 
about  15  miles  farther  up  the  river  (Dry  Fork  of  Cheat),  I  learned  that  a  similar 
swarm  had  visited  that  section  about  th^  same  time  as  the  one  at  Bretz.  Here  I 
found  large  numbers  of  the  turpentine  beetle  in  the  webs  of  the  apple  tree  tent  cater- 
pillar. The  swarm  that  passed  through  Bretz  and  Moi^gantown  doubtless  originated 
in  the  dead  pine  timber  of  EEampshire,  Hardy,  and  Pendleton  counties,  and  taking 
a  northwesterly  course  passed  over  the  Allegheny  Mountains  and  through  the  great 
spruce  forests  of  Randolph  and  Tucker  counties  about  April  30,  and  reached  Mor- 
gantown  on  May  4.  The  swarm  was  also  reported  from  different  points  along  the 
West  Virginia  and  Pittsbui)?  Railroad  and  from  Pocahontajs  and  Greenbrier  counties, 
which  would  indicate  that  this  remarkable  occurrence  was  quite  general  throughout 
the  spruce  and  pine  areas.  The  fact  that  the  turpentine  beetle  had  been  foimd  so 
common  attacking  living  trees  and  occurred  in  such  enormous  numbers  in  these 
swarms,  together  with  the  ^t  that  numerous  other  species  occiured  in  the  swarms 
and  in  the  bark  of  dying  trees,  led  one  very  naturally  to  the  conclusion  that  even  if 
the  destructive  species  had  become  extinct  the  timber  would  continue  to  be  killed 
by  these  surviving  barkbeetles. 

The  vast  numbers  of  the  red  turpentine  beetle  which  had  bred  in^ 
the  trees  killed  by  the  southern  pine  beetle  during  1891  and  1892, 
finding  no  more  trees  dying  from  this  cause  in  1893,  attacked  the 
base  of  living  pine  and  spruce,  and  did  considerable  damage  during, 
the  summer  of  1893,  but  there  was  little  or  no  damage  caused  by  it 
in  1894,  and  tor  many  years  thereafter  it  was  a  rare  insect  in  the 
coniferous  forests  of  West  Virginia  examined  by  the  writer. 

ECONOMIC   FEATURES. 

In  general,  this  species  is  of  secondary  importance  in  its  economic 
relations  to  American  forests.  In  the  East  it  has  never  been  found 
as  the  primary  and  only  cause  of  the  death  of  trees ;  in  California,  both 
at  Monterey  and  in  the  Sierra  Nevada  Mountains,  it  is  more  aggres- 
sive, and  it  appears  that  numbers  of  trees  have  been  killed  or  se- 
riously damaged  by  it.     The  principal  injury  is  to  the  base  of  living 

oThe  species  found  in  the  greenhouses  and  on  paint  which  evidently  came  in  the 
swarm,  May  4,  1893,  are  as  follows: 

1.  MonarUirum  mall  Fitch.  7.  Ifyhargops  glabratus  Zett, 

2.  GTiathotrichus  materiaritis  Fitch.  8.  Dendroctonns   terebrans  OUy. [=iHilens 

3.  Xyleborus  xylographus  Say.  I-.ec.,  which  greatly  predominate''  'n 

4.  Tomicus  cacographus  Lee.  the  swarm.] 

5.  Hylastes  cavemosiis  Zimm.  9.  Ipsfaaciatus  Oliv. 

6.  Hylastes  gracilis  Lee. 
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pine  and  spruce,  especially  the  former.  While  it  sometimes  infests 
the  bark  8  or  10  feet  above  the  base  and  in  sufficient  numbers  to  kill  a 
few  trees,  it  is  an  abnormal  habit  and  result.  It  sometimes  com- 
pletely separates  the  bark  aroimd  the  base,  but  the  woimds  are  so 
completely  covered  by  resin  that  a  tree  so  affected  rarely  dies  from  this 
injury  alone,  but  often  from  secondary  injury  by  fire  or  other  insects. 
The  broad  larval  chambers  separating  the  bark  over  areas  of  greater 
or  less  extent  might  in  many  cases  heal  without  serious  harm,  but  the 
dead  bark  with  the  pitch  masses  on  the  outside  and  the  dried  resin 
and  borings  beneath  offer  the  most  favorable  conditions  for  subse- 
quent injuries  by  forest  fires,  and  thus  are  the  primary  cause  of  a  very 
large  percentage  of  the  so-called  **fire  scars"  or  fire  woimds  (fig.  100) 
which  are  so  prevalent  at  the  base  and  lower  portion  of  the  trunks  of 
living  trees  in  the  dry  pine  areas  of  the  western  mountains.  One  or 
more  years  after  the  injury  by  the  beetle,  a  forest  fire  may  bum  the 
bark  and  resin  and  expose  the  wood,  which  becomes  dry  and  is  then 
bored  by  round-headed  and  flat-headed  wood-borers,  or  it  becomes 
pitchy  or  decayed,  so  that  the  next  fire  bums  deep  into  the  wood 
and  kills  a  larger  area  of  the  bark.  Thus  each  subsequent  fire  con- 
tributes to  an  extension  of  the  wound  until  in  many  cases  the  tree 
is  so  weakened  that  it  is  broken  down  by  wind  or  attacked  and  killed 
by  other  barkbeetles.  In  the  aggregate,  this  primary  injury  by  the 
beetle  results  in  very  extensive  losses  of  some  of  the  best  timber. 

EVIDENCES  OF   ATTACK. 

The  first  evideuce  of  the  work  of  the  beetle  is  found  in  the  fresh 
masses  of  pitch  or  large  pitch  tubes,  mixed  with  reddish  borings,  at 
or  near  the  base  of  Uving  trees  and  stumps  of  recently  felled  ones. 
Subsequent  evidence,  imtil  destroyed  by  fire,  is  foimd  in  the  old 
pitch  masses  on  the  surface  or  traces  of  primary  galleries  under  the 
bark  or  on  the  wood,  and  round  holes  in  the  loose,  dead  bark  over  the 
wound. 

EFFECTS  ON  COMMERCIAL  VALUE   OF  THE   WOOD. 

The  commercial  value  of  the  trees  injured  by  this  beetle  is  not 
materially  affected  imtil  after  the  injury  has  been  extended  into  the 
trunk  by  fire,  wood-boring  insects,  decay,  etc.,  to  a  point  where  the 
vitaUty  is  greatly  reduced  or  the  tree  becomes  worthless. 

FAVORABLE  AND  UNFAVORABLE   CONDITIONS  FOR  THE   BEETLE. 

Favorable  conditions  for  the  multiplication  of  this  beetle  and  for 
it^  pijury  to  living  timber  are  foimd  in  sections  where  for  several  years 
a  large  amoimt  of  pine  timber  has  been  killed  or  injured  by  insects,  or 
felled  and  broken  by  storms,  lumbering  operations,  etc.,  followed  by  a 
year  in  which  no  timber  dies  or  is  injured  or  killed.  Under  these  con- 
8953&-Bull.  83,  pt  1— 09 12 
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ditions  the  vast  numbers  of  this  insect  which  have  bred  in  the  in- 
jured and  dying  trees  will,  through  necessity,  attack  the  living  trees 
and  cause  serious  and  widespread  damage  the  first  year.  This  will 
usually  be  followed  by  little  or  no  damage  in  succeeding  years,  unless 
more  favorable  conditions  are  again  presented  for  their  multiplication. 
Unfavorable  conditions  for  injury  to  living  trees  by  this  insect  are 
found  in  healthy  forests  under  a  system  of  forest  management  which 
requires  more  or  less  continuous  timber-cutting  operations  to  utilize 
the  older  matured,  injured,  and  dying  trees. 

METHODS  OF  CONTROL. 

Owing  to  the  peculiar  habits  of  this  beetle  and  the  character  of  the 
injury  caiised  by  it,  contrasting  strongly  with  those  of  other  species  of 
the  genus  except  the  black  turpentine  beetle,  the  problem  of  control 
is  quite  different  from  that  relating  to  nearly  all  of  the  other  species. 
The  principal  injury  is  to  the  base  of  living  trees,  which,  in  itself,  may 
be  slight,  but  when  aggravated  and  extended  by  subsequent  and  quite 
different  causes  may  become  quite  extensive.  Therefore  the  object 
should  be  to  prevent  the  primary  injury,  by  preventing  the  undue  mul- 
tiplication of  the  beetle  or  by  providing  more  attractive  and  con- 
tinued breeding  places.  The  first  may  be  accomplished  within  quite 
an  extensive  area  if  the  infested  bark  is  removed  from  the  base  of 
insect-killed,  lightning-struck,  and  otherwise  injured  or  dying  trees, 
as  well  as  from  the  stumps  of  local  or  sporadic  timber-cutting  opera- 
ations,  the  work  to  be  done  during  the  fall  and  winter  following  infesta- 
tion, beginning  with  the  first  of  September  and  ending  with  the  first  of 
March.  When  only  a  few  trees  in  a  lawn  or  park  are  involved,  or  even 
where  many  are  attacked  in  a  forest  imder  a  complete  system  of  forest 
management,  serious  injury  may  be  prevented  by  cutting  the  beetles 
out  of  the  bark  with  a  chisel  or  knife,  as  soon  as  the  discharge  of  resin 
on  the  bark  indicates  their  presence.  Often  they  can  be  killed  quickly 
and  effectually  by  means  of  a  stout  wire  inserted  into  the  entrance 
burrow,  if  done  before  the  parent  beetles  have  extended  their  galleries 
in  the  inner  bark  beyond  2  or  3  inches. 

It  appears  that  continued  timber-cutting  operations  offer  sufficient 
and  more  attractive  breeding  places  for  this  beetle.  Therefore,  in 
sections  where  these  are  carried  on  little  or  no  damage  to  the  living  and 
otherwise  uninjured  trees  will  result;  but  if  the  cutting  should  be  dis- 
continued for  one  or  more  years  throughout  a  large  area  the  infested 
bark  should  be  removed  from  the  majority  of  the  stumps  of  trees 
felled  during  the  fall,  winter,  and  spring,  the  work  to  be  done  during 
the  fall  and  winter  following  the  cutting. 

In  case  the  removal  of  the  bark  from  the  stumps  is  required  in 
timber-cutting  contracts,  it  should  be  specified  that  the  bark  must 
not  be  removed  uritil  after  it  becomes  infested  with  broods  of  larvae. 
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or,  in  other  words,  the  stiimps  of  trees  felled  in  the  fall  and  winter 
should  not  be  barked  to  destroy  the  broods  of  this  beetle  before  June 
or  July,  but  the  barking  must  be  completed  before  the  following 
March.  Trees  felled  during  the  spring  and  summer  to  serve  as  traps 
should  not  have  the  bark  removed  for  at  least  two  months  after  the 
trees  are  felled. 

In  some  sections  of  the  country  this  beetle  appears  to  be  attracted 
to  the  trunks  of  felled  trees  much  more  than  to  those  of  others, 
depending  probably  more  on  the  species  of  tree  and  local  conditions 
relating  especially  to  the  presence  or  absence  of  certain  other  insects 
which  would  or  would  not  interfere  with  the  development  of  their 
Ibroods. 

In  the  vicinity  of  Monterey,  Cal.,  it  was  found  by  the  writer  abun- 
dant in  September  in  the  bark  of  trees  felled  by  storm  the  previous 
April.  This  suggested  the  utilizing  of  trap  trees  in  such  localities 
to  attract  the  beetles  to  the  bark  of  the  trunks,  as  well  as  to  that  on 
the  stimips. 

BASIS   OP   INFORMATION. 

.  The  above  statements  are  based  on  investigations  by  the  writer 
in  many  localities  in  diflFerent  sections  of  West  Virginia  in  1890  to 
1894;  at  McCloiid  and  Berkeley,  Cal.,  Grants  Pass  and  Albany, 
Oreg.,  near  Spokane,  Wash.,  and  at  Moscow,  Idaho,  April  to  June, 
1899;  in  the  Black  Hills,  South  Dakota,  1901  and  1902;  at  Priest 
Lake,  Idaho,  August,  1902;  at  Del  Monte  and  Monterey,  Cal.,  Sep- 
tember, 1902;  at  Williams,  Ariz.,  September,  1902;  at  Vermejo, 
N.  Mex.,  May,  1903;  at  Flagstaff,  Ariz.,  May,  1904;  in  the  Yosemite 
National  Park,  California,  June,  1904;  at  Brunswick  and  Portland, 
Me.,  May  and  June,  1900;  at  Maiden,  Wyoming  [Melrose],  and  Lynn 
Woods,  Mass.,  May,  1906  (in  Norway  spruce  defoHated  by  gipsy 
moth);  at  Milford,  Pa.,  May,  1906;  at  Pink  Beds,  N.  C,  July,  1904; 
at  Manitou  Park  and  Palmer  Lake,  Colo.,  October,  1905;  in  Ventura 
County,  Cal.,  June,  1904;  at  Garland,  Colo.,  June,  1906;  on  Grand 
Island,  Michigan,  July,  1907;  by  Mr.  W.  F.  Fiske,  at  Webster,  N.  H., 
June,  1904;  at  Pink  Beds,  N.  C,  May,  1905;  on  Grand  Island,  Michi- 
gan, October,  1906;  at  Capitan  and  Cloudcroft,  N.  Mex.,  March  to 
May,  1907;  by  Mr.  J.  L.  Webb,  in  the  Black  Hills,  South  Dakota, 
Jime  to  October,  1902;  at  FlagstaflF,  Ariz.,  June  to  August,  1904;  in 
the  vicinity  of  Centerville,  Idaho,  May  to  August,  1905;  in  the  Cap- 
itan Moimtains,  Lincoln  National  Forest,  and  White  Mountains,  New 
Mexico,  and  in  the  Chiricahua  National  Forest,  Arizona,  June  to 
September,  1907;  by  Mr.  H.  E.  Burke,  at  Palo  Alto,  Cal.,  May,  1905, 
May,  1906,  and  September,  1906;  in  the  Yosemite  National  Park  and 
vicinity,  fl/t  Wawona,  Summerdale,  Little  Yosemite,  and  Yosemite, 
Cal.,  May  to  September,  1906;  at  Kamas,  Panguitch,  and  Panguitch 
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Lake,  Utah,  Joseph,  Oreg.,  and  Palo  Alto  and  Pacific  Grove,  Cal.,  June 
to  October,  1907.  Additional  localities  through  correspondence  and 
from  other  collections  are:  Missoula  and.  Ovondo,  Mont.;  Fredonia, 
Paradise,  Williams,  Flagstaff,  and  Tucson,  Ariz.;  Franconia  and  Pike, 
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Fia.  102.>-The  red  turpentine  beetle:  Distributioz^  map.    (Author's  illustration.) 

N.  H.;  Orono  and  Limerick,  Me.;  Glen  Allen,  Va.;  Le  Moin,  Visalia, 
Ventura  County,  Sisson,  Placer  County,  Siskiyou  County,  and  Dims- 
muir,  Cal.;  Kansas;  Helena,  Mont.;  Coldridge,  N.  Mex.;  Powder  River, 
Custer  Coimty,  Colo.;  Skykomish  River,  Washington;  Hood  River, 
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Oreg.;  Coeur d*Alene,  Idaho;  Duluth,  Minn.;  Marquette,  Mich.;  Cam- 
bridge, Mass.;  Chalco,  Chihuahua,  Mexico  City,  Michoacan,  Ponada, 
and  Satazin,  Mexico.  It  is  represented  in  the  forest-insect  collec- 
tions of  the  West  Virginia  Agricultural  Experiment  Station  and  of 
the  Bureau  of  Entomology  by  more  than  6,000  specimens. 

ViThile  specimens  from  all  over  the  country  are  included  imder  one 
name,  it  is  beUeved  by  the  writer  that  there  are  a  mmiber  of  more  or 
less  distinct  so-called  races  and  varieties,  and  possibly  some  forms 
are  specifically  distinct,  but,  owing  to  the  great  variation  in  all  deter- 
mined characters  which  can  be  used  for  such  a  separation,  it  is  thought 
best  to  leave  all  of  them  imder  one  name.  The  species  is  easily 
separated  from  the  southern  turpentine  beetle  by  its  light  to  dark  red 
color,  except  when  compared  with  the  immature  reddish  specimens, 
and  then  the  coarser  punctures  on  the  prothorax  and  coarser  teeth  of 
the  tibia  of  the  latter  will  serve  to  indicate  the  difference. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  AgricuLtxjre, 

Bureau  of  Entomology, 

Washington,  Z>.  C,  June  2, 1909, 
Sm:  I  have  the  honor  to   transmit  herewith  for  pubUcation  a 
manuscript  entitled  ''Fmnigation  of  Apples  for  the  San  Jose  Scale/' 
prepared  by  Mr.  A.  L.  Quaintance,  in  charge  of  Deciduous  Fruit 
Insect  Investigations  of  this  Bureau. 

The  possibility  of  the  dissemination  of  the  San  Jose  scale  on  fruit 
has  been  frequently  imder  discussion,  and  while  it  is  the  consensus 
of  opinion  of  American  entomologists  that  this  danger  is  negligible, 
many  European  governments  have  in  operation  laws  and  decrees 
providing  for  the  inspection  of  imported  American  fruits  and  the 
exclusion  of  such  as  may  show  the  presence  of  this  insect. 

The  Ukelihood  that  the  marking  of  the  fruit  by  the  scale  will 
increase  rather  than  diminish  renders  desirable  some  method  of 
treatment  which  will  destroy  the  insect  and  thus  remove  any  objec- 
tion to  its  importation  or  shipment.  In  cooperation  with  Mr.  William 
A.  Taylor,  of  Field  Investigations  in  Pomology,  Bureau  of  Plant 
Industry,  an  investigation  was  xmdertaken  by  the  Bureau  of  Ento- 
mology to  determine  the  possibility  of  fumigating  apples  with  hydro- 
cyanic acid  and  other  gases.  The  results  of  this  investigation  are 
given  in  the  accompanying  manuscript,  which  I  recommend  for 
publication  as  Bulletin  No.  84  of  the  Bureau  of  Entomology. 
Respectfully, 

L.  O.  Howard, 
Entomologist  and  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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nrTKODUCTIOH. 

The  possibility  of  the  establishment  in  new  localities  of  the  San 
Jose  scale  (AspidiotiLS  pemidosus  Comst.)  from  shipments  of  scale- 
infested  fruit,  principally  apples  and  pears,  has  been  the  subject  of 
frequent  discussion  among  entomologists  and  others.  On  the  whole 
it  seems  to  be  the  consensus  of  opinion  that,  although  this  danger  un- 
doubtedly exists,  the  chances  of  establishment  from  this  source  are 
exceedingly  remote. 

The  great  bulk  of  the  fruit  harboring  this  insect  is  sold  in  cities  and 
towns  and  the  parings  and  refuse  are  mostly,  disposed  of  in  a  way  to 
eflfectively  prevent  any  young  crawling  "lice''  from  reaching  plants 
upon  which  they  could  establish  themselves.  T-he  fruit,  furthermore, 
is  offered  for  sale  mostly  during  the  late  fall  and  winter,  a  time  when 
the  temperature  is  too  low  to  favor  the  activity  of  the  crawling  young 
or  to  favor  their  production  by  the  adult  females.  Th^  danger  of 
their  establishment  would  perhaps  be  greatest  in  the  case  of  varieties 
of  fruit  maturing  in  late  summer  or  early  fall,  which  would  reach  the 
markets  some  weeks  before  the  approach  of  cool  weather,  thus  afford- 
ing a  period  for  the  breeding  of  the  scales  present  and,  should  they 
succeed  in  reaching  a  suitable  host  plant,  for  the  necessary  growth 
of  the  young  to  enable  them  to  survive  the  winter.  Their  chances 
of  survival  would  be  correspondingly  increased  if  the  infested  fruit 
were  shipped  to  a  warm  or  subtropical  climate.  Also,  infested  fruit 
kept  for  a  time  during  the  winter  in  a  warm  room,  or  in  a  conservatory, 
closely  adjacent  to  suitable  potted  or  other  host  plants,  might  result 
in  the  infestation  of  these  plants  and  the  later  spreading  of  the  insects 
to  plants  out  of  doors. 

In  the  case  of  fruit  used  for  culinary  and  dessert  purposes,  the 
refuse  parts,  as  peel  and  core,  are  very  largely  consigned  to  the  gar- 
bage, effectively  eliminating  any  danger  from  that  source.  With  fruit 
eaten  out  of  doors,  as  obtained  from  fruit  stands,  it  is  conceivable 
that  the  refuse  parts  might  by  a  strange  chance  be  discarded  in  a  way 
to  constitute  a  source  of  danger.  Thus,  a  pedestrian  passing  along 
a  street  or  country  road,  in  the  act  of  eating  an  apple,  might  care- 
lessly throw  aside  the  peel,  which  lodging  in  a  suitable  host  plant 
might  result  in  the  scales  obtaining  a  foothold.    But  it  must  be 
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remembered  that  the  young  crawling  San  Jose  scale  is  comparatively 
fragile  and  quite  susceptible  to  unfavorable  conditions,  and  the 
chances  would  be  greatly  against  it  even  were  the  described  condi- 
tions present,  very  improbable  in  themselves. 

Danger  of  infestation  in  this  way  would  be  limited  practically  to 
fruit  on  the  market  in  late  summer  or  early  fall,  as  allowing  a  suffi- 
cient time  before  cold  weather  for  the  insect  to  become  about  one- 
third  grown,  since  most  individuals  younger  than  this  die  during  the 
winter,  as  well  as  those  much  older.  Ordinary  winter  varieties  of 
apples,  as  Ben  Davis,  York  Imperial,  Baldwin,  Greening,  etc.,  come 
on  the  market  in  cool  climates  so  late  in  the  season  as  to  practically 
eliminate  them  as  possible  disseminators  of  scale  under  out-of-door 
conditions. 

The  history  of  the  spread  of  the  scale  in  the  United  States  is  of 
interest  in  this  connection.  The  insect  was  present  in  California  for 
years  before  its  introduction  into  the  East  occurred.  Much  scale- 
infested  fruit  was  unquestionably  sent  to  various  eastern  markets, 
and  thus  unlimited  opportunity  was  offered  for  its  introduction  in 
this  way.  Its  actual  establishment,  however,  so  far  as  known,  was 
brought  about  only  by  means  of  infested  nursery  stock  received  from 
a  locality  in  California  where  the  insect  was  abundant. 

The  foregoing  remarks  apply  particularly  to  fruit  consumed  in  the 
fall  or  early  winter.  If  the  fruit  is  held  for  any  time  in  cold  storage, 
the  chances  are  still  more  increased  against  the  insect^s  successful 
establishment.  Holding  the  fruit  for  any  considerable  time  in  cold 
storage,  in  a  temperature  of  from  30°  to  32®  F.,  results  in  the  death 
of  the  younger  individuals  and  older  ones,  especially  those  in  a 
breeding  condition.  The  survivors,  as  in  the  case  of  the  insects  under 
winter  conditions  out  of  doors,  are  mostly  those  about  one-third  grown, 
and  the  percentage  of  these  which  survive  rapidly  decreases  with 
continued  holding  in  cold  storage.  Hence,  after  the  insects  are 
again  brought  under  favorable  conditions,  several  weeks  are  required 
for  them  to  reach  a  reproductive  age,  and  the  fruit  exposed  to  warm 
temperatures  for  a  necessary  time  for  the  development  of  the  scales 
would  most  certainly  become  badly  deteriorated,  if  not  actually 
decayed,  thus  resulting  in  the  premature  death  of  the  insects.  In 
practice,  fresh  fruit  is  perhaps  never  held  so  long  in  a  warm  tem- 
perature before  consumption.  The  probability  of  the  young  scales 
being  able  to  continue  development  to  maturity  on  fruit  parings,  etc., 
is  scarcely  to  be  considered,  since  this  refuse  would  quickly  decom- 
pose or  dry. 

The  gradual  dying  of  scales  on  fruit  held  in  cold  storage,  during 
1906-7  and  1907-8,  is  indicated  in  Tables  II  and  XI,  as  determined 
at  diflferent  times  for  comparison  with  the  condition  of  scales  on 
fumigated  fruit.  In  the  later  examinations  the  live  insects  found 
were  exclusively  those  about  one-third  grown. 
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On  the  whole,  the  danger  of  the  scale  becoming  distributed  by 
means  of  fruit  is  seen  to  be  quite  unimportant,  and  in  the  United 
States,  where  legislation  against  injurious  insects  finds  its  greatest 
development,  this  source  of  possible  distribution,  with  a  few  excep- 
tions, is  ignored.  The  possibility,  however,  under  certain  excep- 
tional conditions  must  be  admitted,  and  this  danger  has  appeared 
sufficient  to  warrant  certain  European  governments  in  enacting 
legislation  excluding  from  entry  all  fruits  from  America  which  show 
upon  inspection  the  presence  of  the  San  Jose  scale,  including  boxes, 
barrels,  wrappings,  etc.,  used  for  packing  such  fruit. 

In  the  United  States  the  scale  each  year  is  becoming  more  and 
more  generally  distributed,  and  the  pest  is  now  present  in  sections 
which  were  until  recently  quite  free  from  it.  In  the  Western  and 
Eastern  States  it  is  especially  prevalent,  and  while  there  are  numerous 
orchards  and  fruit  regions  still  uninfested,  these  will  unquestionably 
be  invaded.  The  States  least  infested  are  those  immediately  west 
of  the  Mississippi  River,  as  Iowa,  Kansas,  Arkansas,  etc.,  but  in 
these  the  scale  has  also  gained  a  foothold  and  its  general  spread  in 
these  States  seems  certain.  In  other  words,  the  scale  is  now,  or  in  a 
few  years  will  be,  present  in  the  principal  commercial  orchards  of  the 
country,  and  the  appearance  on  the  market  of  fruit  infested  by  the 
insect  is  an  evil  which  will  increase  rather  than  diminish. 

The  intelligent  use  of  lime-sulphur  wash,  or  other  effective  scalecide, 
will  unquestionably  control  the  insect  so  far  as  preserving  the  life 
and  vigor  of  the  tree  is  concerned.  But  a  little  carelessness  in  spray- 
ing, the  use  of  improper  solutions,  or  unfavorable  weather  conditions 
at  the  time  of  making  applications,  may  allow  the  survival  of  the  scale 
in  sufficient  numbers  to  result,  later  in  the  season,  in  their  settling  in 
considerable  numbers  upon  the  fruit.  The  use  of  the  lime-sulphur 
wash,  perhaps,  actually  favors  this  condition."  It  has  but  little 
penetrating  and  spreading  power  and  may  fail  to  kill  some  of  the 
insects,  especially  on  the  younger  growth  where  they  are  more  or 
less  protected  by  the  pubesence  or  fine  epidermal  hairs.  Young 
'Mice''  from  insects  which  have  thus  escaped  destruction,  and  from 
those  elsewhere  on  the  tree,  upon  hatching,  are  probably  forced,  in 
their  search  for  a  suitable  place  for  settlement,  upon  the  fruit,  if  this 
be  present,  on  account  of  the  coating  of  the  wash  upon  the  tree.  The 
young  crawling  insects  settle  principally  in  the  calyx  basin  and  stem 
cavity  of  the  fruit,  although  they  are  often  in  abundance  promis- 
cuously over  the  sides,  as  shown  in  Plates  I  and  II.  If  infestation 
occur  in  early  surmner  the  fruit  at  picking  time,  in  extreme  cases, 
may  be  more  or  less  incrusted  with  the  insect;  in  well-sprayed 
orchards  it  should  be  present  in  but  few  or  moderate  numbers.  The 
greatest  pains  should  be  taken  by  orchardists  whose  trees  are  infested 

a  See  also  remarks  on  this  subject  by  C.  L.  Marlatt,  in  Bui.  46  of  this  Bureau,  pp. 
54-55. 
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with  the  scale  to  insure  its  destruction  as  completely  as  possible  by 
spraying,  not  only  to  preserve  the  life  of  the  trees,  but  to  prevent  the 
marking  of  the  fruit. 

In  cases  of  light  infestation  the  intrinsic  value  of  the  fruit  is  but 
little  affected,  although  the  reddish  spots  or  circles  disfigure  it  for 
market  purposes,  and  its  keeping  qualities  are  perhaps  reduced. 
Despite  care  in  packing  and  grading  in  infested  orchards,  a  certain 
amount  of  scaly  fruit  will  usually  find  its  way  into  the  barrels  or  boxes, 
and  thus  be  distributed.  In  this  connection  is  presented  a  table 
(Table  I),  compiled  from  the  reports*  of  Dr.  C.  Brick,  chief  inspector 
in  the  Station  fur  Pflanzenschutz,  at  Hamburg,  on  the  condition  of 
American  apples  received  at  that  port  during  the  years  from  1888-9 
to  1906-7,  inclusive,  considered  merely  as  to  infestation  by  the  San 
Jose  scale,  although  report  is  made  upon  numerous  other  species  of 
scale  insects  and  certain  fungous  diseases  found  present. 

Table  I. — Receipts  at  Hamburg  oj  American  apples  Jrom  the  vnnters  of  1898-9  to  1906-7, 
inclusive^  with  number  of  packages  xnjested  with  the  San  Jose  scale. 


Number  and  kinds  of 
packages. 

Total 
number 
of  pack- 
ages. 

Numt>er  and  kinds  of 
packages  infested  by 
San  Jose  scale. 

Total 
number 
infested 
pack- 
ages. 

Per 

Barrels. 

Boxes. 
133 

Miscel- 
laneous 

ages. 

1 

Barrels. 

Boxes. 

Miscel- 
laneous 
pack- 
ages. 

cent 
in- 
fested. 

Season  1898-1899: 

Canada  and  Nova  Scotia. 

14,484 
11.875 
7 
2,865.5 

24,647 

52,004 

131 

419 

4,439 

24,859 

16 

1,422 

4,903 
19,786 

30,135^ 
82, 802! 
31,533| 

30,39l| 

f 

602 

2,586 

392 

4,095 

11,265 

21,069 

6,344 

26,570 

11,029 

Eastern  United  States. . . 

3 
7 
16 

Western  United  States. . 
Undetermined  origin .... 
Season  1899-1900: 

(!A.nAiiA  And  Nova  i^ontia 

091 
80 

665 

805 

3,321 

784 

80 
251 
434 

24 

1 

"■A 

^4 

577 
5 

1.99 

Eastern  United  States. . . 

974 
11 
18 

168 
74 

26 

Western  United  States. . 

Undetermined  origin 

Season  1900-1901: 

Canada  and  Nova  Scotia. 

1,581 
1 

i 

3.12 

Eastern  United  States. . . 

Western  United  States. . 

Undetermined  origin 

Season  1901-1902: 

Canada  and  Nova  SooUa, 

109 
21 

1.24 

Eastern  United  States. . . 

1,772 

i 

167 
10,380 

■■■296 

12 
18,796 

89* 

1,470 
4,356 

30* 

1 
16,436 

"1,075* 

100 
10,250 

**'872' 

Western  United  States. . 

3,255 
926 

1,537 

82 
768 

8 

1,757 
565 

1 

13.40 

Undetermined  origin 

Season  1902-1903: 

Canada  and  Nova  Scotia . 

1,512 

10,041 
13,135.7 

Eastern  United  States. . . 
Western  United  States. . 

!    158,453 

1 

426 

2 

e;;;1 

7.10 

Undetermined  origin 

Season  1903-1904: 

Canada  and  Nova  Scotia . 

14,668 

36,253 
289,177 

I 
352,4021 

209,6181 

239,212] 

190,444] 

14.509 

5,688 

977 

3,648 

706 

1,135 

57 

665 

1,129 

537 

9.904 

3,986 

1 

3,348 

447 

6 

61 

i 

5j 
2 

Eastern  United  States. . . 
Western  United  States. . 

1,457 

743 

2 

5.95 

Undetermined  origin 

Season  1904-1905: 

Cftiiftda  ftnd  Nova  Scoti& 

2,083 

28,131 
154,017 

Eastern  United  States. . . 
Western  United  States. . 

102 

10 

276 

2.98 

Undetermined  origin 

Season  1905-1906: 

Canada  and  Nova  Scotia 

24,907 

75,401 
139,011 

Eastern  United  States. . . 
Western  United  States. . 

150 

8,254 

653 

2 

1 

11.10 

Undetermined  origin 

Season  1906-1907: 

CanAda  flnd  Nov&  Sootia 

9,240 

404 
184,521 

Eastern  United  States. . 
Western  United  States. . 

6 
363 
38 

e;;:1 

6.10 

Undetermined  origin 

2,161 

a  Jahrbuch  der  Hamburgischen  Wissenschaftlichen  Anstalten,  XVI-XXIV. 
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APPARATUS.  11 

The  work  of  Doctor  Brick  and  his  associates,  as  set  forth  in 
Table  I,  shows  that  an  undesirable  amount  of  scale-infested  fmit 
finds  its  way  into  our  export  shipments,  which,  from  the  regulations 
in  force,  must  be  excluded  from  entry,  entailing  a  considerable  loss 
to  exporters.  On  accoimt  of  the  general  occurrence  of  the  scale  in 
American  orchards,  and  the  vicissitudes  of  spraying,  the  condition 
is  not  likely  to  improve,  and  the  desirabiUty  of  some  expedient  to 
obviate  the  objections,  if  .possible,  is  apparent.  The  laws  and  edicts 
now  in  force  in  foreign  countries  relative  to  the  importation  from 
America  of  plants,  fruits,  and  boxes  and  wrappings  used  for  same, 
infested  with  injurious  insects,  principally  the  San  Jose  scale,  together 
with  those  in  effect  in  the  United  States,  are  given  in  abstract  in  the 
appendix  to  this  article. 

EXPEBIMEVTS  DT  FRUIT  FUSlOATIOSf.^' 

At  the  instance  of  Mr.  Wm.  A.  Taylor,  pomologist,  of  the  Bureau 
of  Plant  Industry,  of  this  Department,  the  Biu*eau  of  Entomology, 
cooperating  with  Mr.  Taylor,  began  in  the  fall  of  1906  a  series  of 
experiments  to  determine  the  possibility  of  treating  scale-infested 
apples  in  a  manner  to  destroy  the  insects  without  injury  to  the 
appearance  and  quaUty  of  the  fruit.  This  work  was  followed  entirely 
along  the  Une  of  fumigation  and  aside  from  certain  preliminary 
experiments  hydrocyanic-acid  gas  was  used,  although  limited  tests 
were  made  with  carbon  bisulphid. 

APPABATXTS. 

Much  care  was  taken  to  construct  a  fumigating  apparatus  which 
would  be  as  tight  as  possible  and  in  the  use  of  which  the  various  opera- 
tions of  fumigation  would  be  quite  under  control.  Five  equal-sized 
boxes  were  constructed  out  of  tongue-and-grooved  lumber,  using  two 
layers  of  boards  with  heavy  building  paper  between,  the  whole  fitting 
tightly  together.  The  interior  of  each  box  was  given  two  heavy  coats 
of  thick  white  lead  paint  and  later  treated  with  a  shellac  varnish.  The 
inside  dimensions  of  each  box  were  2.5  by  2.5  by  4  feet,  and  after 
deducting  for  certain  pieces  of  timber  used  in  the  comers,  and  for  plat- 
form for  packages  of  fruit,  contained  23.776  cubic  feet.  The  appara- 
tus was  installed  in  a  basement  room,  the  boxes  placed  side  by  side,  as 
shown  in  figure  1 ,  A-E.  The  front  of  each  box,  forming  the  door,  was 
entirely  removable,  as  shown  in  the  figure,  and  when  in  place  fitted 
against  a  3-inch  heavy  wooden  rim  all  aroimd,  covered  with  thick  felt 

a  The  writer  wishes  especially  to  acknowledge  the  assistance  of  Mr.  Jas.  H.  Beattie, 
in  the  construction  of  the  fumigating  boxes;  and  of  Messrs.  Fred  Johnson,  E.  L. 
Jenne,  and  S.  W.  Foster,  in  the  fumigation  of  fruit  and  in  making  examinations  of 
the  scale  insects. 
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(fig.  1,  box  C)y  against  which  it  was  tightly  pressed  by  the  six 
clamps  to  each  box  (fig.  1,  box  E]  fig.  2,  A^  la). 

To  permit  quick  removal  of  gas  at  close  of  period  of  exposure, 
each  box  was  suppUed  on  lower  rear  side  and  at  top  with  a  2-inch 
pipe  opening  and  a  tight  valve,  the  lower  series  (fig.  1,  8a)  con- 
necting with  the  conmion  outlet  pipe  (S),  extending  to  the  outside 
of  the  building  and  opening  above  the  level  of  the  roof,  the  upper 
series  {5a)  joined  to  a  pipe  (J),  connected  with  the  electric  blower 
{6),  for  generating  the  air  blast.  This  arrangement  permitted  the 
simultaneous  clearing  out  of  the  gas  in  all  of  the  boxes,  or  one  or 
more  boxes  could  be  operated  independently  of  the  others.  About 
fifteen  minutes  were  required  to  clear  the  boxes  of  gas,  though  this 
was  of  course  greatly  diluted  with  fresh  air  almost  immediately 
after  the  blower  was  put  in  operation. 

To  insure  a  uniform  distribution  of  gas  in  the  boxes  from  the 
start,  a  small  generating  box  was  constructed  and  placed  on  the 
floor  at  about  the  center,  as  shown  in  detail  in  figure  2,  A,  B,  S  a-d. 
This  box,  except  as  noted,  was  fairly  tight,  with  a  door  in  front 
for  introducing  the  chemicals  and  four  square  hollow  arms  with  the 
ends  open  and  seven  J-inch  holes  along  each  side.  A  shaft  of  heavy 
steel  wire  extended  from  side  to  side  in  the  upper  part  of  the  box, 
projecting  on  one  side  in  the  form  of  a  crank.  A  small  metal  cup 
was  rigidly  attached  to  the  middle  of  the  wire  shaft  to  receive  the 
potassium  cyanid  (fig.  2,  Aj  3b),  Beneath  the  cyanid  cup  was  space 
for  the  introduction  of  a  small  jar  containing  the  necessary  sulphuric 
acid  and  water  (Sc).  A  string  was  attached  to  the  crank  end  of 
the  shaft  bearing  the  cyanid  cup,  by  means  of  which  the  cup  could 
be  inverted  and  the  cyanid  thus  dropped  into  the  jar  beneath.  With 
the  door  of  the  generating  box  closed,  the  gas  was  mostly  forced 
out  through  the  four  arms,  insuring  a  fairly  uniform  distribution 
from  the  moment  the  chemicals  were  brought  together. 

A  heavy  slat  platform  (fig.  2,  A,  2)  was  provided  somewhat 
above  the  generating  box,  and  on  this  were  placed  all  packages  of 
fruit  to  be  treated,  as  barrels,  baskets,  boxes,  etc.  The  apparatus 
as  described  proved  well  suited  for  the  work  in  hand,  and  it  is 
believed  was  as  tight  as  it  was  practicable  to  make  it.  At  no  time 
during  fumigation  could  the  odor  of  escaping  gas  be  detected  at 
cracks  or  around  the  door,  though  the  gas  was  forced  out  into  the 
room  to  some  extent  when  the  air  blast  was  turned  on. 

In  the  operation  of  fumigation  the  two  valves  of  a  box  were 
first  closed,  the  package  of  fruit  to  be  fumigated  placed  on  the  slat 
platform,  the  weighed  cyanid  Ughtly  wrapped  in  tissue  paper,  put 
into  the  cyanid  cup,  and  just  before  closing  the  fumigating  box  the 
jar  of  measured  acid  and  water  was  inserted  into  the  generating  box 
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FUMIGATION   OF  APPLES  FOR  SAN  JOSE  SCALE. 


beneath  the  cyanid.  The  door  was  then  put  in  place  and  fastened 
with  the  clamps.  At  the  proper  time  the  cyanid  was  dropped  into 
the  acid  jar  by  pulling  the  string  extending  to  the  outside,  and 
fumigation  continued  for  the  desired  time.  At  the  close  of  the 
period  of  fumigation,  the  lower  valve  was  first  opened,  then  the 
upper  valve,  and  the  electric  blower  started,  thus  driving  out  the  gas. 


Fig.  2.— Fumigation  Apparatus.  A:  1,  Door  in  place;  la,  door  clasps;  2,  slat  support  for  fruit  packages; 
3,  discharge  box;  3a,  perforated  arms;  3b,  cyanid  cup  on  wire  pulley;  3c,  sulphuric  acid  and  water  Jar; 
3d,  door  of  discharge  box;  4,  air  blast  fan  or  blower;  4a,  motor;  46,  air  suction  pipe  to  outside  of  building; 
4e-d,  switch  board  and  connections;  5,  valve  for  inlet  of  air  to  box;  6,  valve  for  discharge  of  gas  from  box; 
6a,  outlet  pipe.    B :  Showing  construction  of  discharge  box;  same  lettering  as  in  A.    (Original. ) 

Chemically  pure  potassium  cyanid  and  sulphuric  acid  were  used 
in  all  the  tests  and  also  distilled  water.  The  cyanid  was  weighed 
on  chemical  balances  and  the  liquids  measured  by  means  of  a 
biu-ette  graduated  to  0.1  c.  c.  The  chemicals  were  uniformly  used 
in  the  proportion  of  potassium  cyanid,  1;  sulphuric  acid,  2;  and 
water,  4. 
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EXAMINATIONS  OF  THE  SCALE  INSECTS. 

After  fumigation,  the  fruit  was  kept  in  an  outbuilding  on  the 
Agricultural  Department  groimds,  the  temperature  varying  mostly 
between  30°  and  40°  F.,  being  rarely  higher  than  45°  F.  In  1906-7 
the  fumigated  fruit  for  examination  as  to  condition  of  scales  was 
taken  direct  from  this  storehouse;  but  in  1907-8  it  was  first  held  for 
a  couple  of  days  in  a  warm  room,  which  induced  a  prompt  discolora- 
tion of  the  dead  scales,  greatly  facilitating  their  recognition.  The 
plan  was  to  make  two  examinations  of  the  scales  on  each  lot  of  fruit 
fumigated:  The  first  two  weeks,  and  the  second  four  weeks,  after  the 
time  of  fumigation,  and  this  in  the  main  was  adhered  to.  All  ex- 
aminations of  scales  were  made  by  aid  of  a  dissecting  microscope,  and 
a  dissecting  needle  was  used  to  remove  the  scale  proper,  exposing  the 
body  of  the  insect.  The  color  of  the  body  was  relied  upon  to  de- 
termine if  the  insect  were  dead  or  aUve,  and  there  was  not  often 
difficulty  in  thus  definitely  classifying  them.  In  some  cases,  ex- 
amination of  doubtful  specimens  was  made  under  a  compoimd 
microscope  to  detect  possible  body  movements,  and  a  method  of 
staining  was  used  to  a  limited  extent.  In  all  cases,  specimens  doubt- 
fully dead  were  regarded  as  alive,  and,  as  will  be  noted  in  the  tabu- 
lated results  for  1906-7,  these  doubtful  cases  were  numerous. 

In  1907-8,  however,  the  expedient  of  warming  the  fruit  for  a 
couple  of  days  before  each  examination  always  resulted  in  the  prompt 
discoloration  of  the  scales,  leaving  no  doubt  as  to  their  condition.  In 
view  of  the  imiformly  successful  results  in  killing  the  scales  in  all 
experiments  made  in  1907-8,  and  many  of  them  duphcates  of  those 
made  in  1906-7,  it  is  considered  practically  certain  that  the  insects 
regarded  as  alive  in  1906-7  were  in  reality  dead,  but  not  showing 
sufficient  discoloration  for  positive  recognition  on  accoimt  of  the 
comparatively  low  temperature  at  which  they  were  held. 

The  supply  of  infested  fruit  for  fumigation  was  kept  in  the  original 
barrels  in  a  local  cold-storage  plant,  being  taken  out  shortly  before 
needed,  the  time  depending  upon  the  nature  of  the  test  to  be  made. 
Thus  in  treatment  of  fruit  in  a  dry  condition  it  was  necessary  to 
remove  it  several  days  in  advance,  so  that  the  moisture  condensing 
on  the  cold  fruit  would  dry.  In  the  fumigation  of  fruit  in  a  moist  con- 
dition, however,  the  condensed  moisture  on  the  cold  fruit  immediately 
after  coming  from  cold  storage  put  this  in  the  desired  condition  for 
experiment. 

An  important  question  in  the  employment  of  hydrocyanic-acid 
gas  in  the  destruction  of  scale  insects  on  apples  was  the  possibility  of 
injury  to  the  fruit.  In  this  matter  the  Bureau  of  Entomology  had 
the  expert  aid  of  Mr.  WiUiam  A.  Taylor,  pomologist,  of  the  Bureau  of 
Plant  Industry,  and  his  associates,  who  are  also  responsible  for  the 
correctness  of  names  of  varieties.  There  is  also  the  question  of 
8916&— BuU.  84—09 3 
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possible  poisoning  of  the  fruit  by  absorption  of  the  gas.  It  is  be- 
lieved that  there  is  very  little,  if  any,  gas  taken  up  by  the  fruit  during 
the  process  of  fumigation — certainly  not  enough  to  result  in  harm  to 
the  consumer.  The  writer,  his  associates,  and  many  others  have 
freely  eaten  of  fumigated  fruit  at  various  times,  and  in  several  in- 
stances the  fruit  after  wiping  was  eaten  within  thirty  minutes  after 
it  had  been  taken  out  of  the  fumigating  box. 

To  insure  imiformity  in  conducting  the  tests  and  in  recording 
results,  a  blank  form  5  inches  by  8  inches  in  size  was  used  throughout, 
as  follows: 

Fruit  Fumigation  Experiments.  Box  No Exp.  No 

Locality Date Fruit 

Variety Maturity Source 

Size  of  fumigatorium Package,  size 

Amount  deducted Fumigant,  rate 

Amounts  of  chemicals  used 

Exposure Begun Closed 

Temi>erature ( 'ondition  of  fruit  as  to  moisture 

Degree  of  scale  infestation 

Condition  of  scale  before  treatment 

Results  of  treatment 


Notes  by 

EXPERIMENTS  IN  190e-7. 

The  fumigation  tests  with  hydrocyanic-acid  gas  during  1906-7 
may  be  grouped  as  follows: 

(1)  Strength-of-gas  series. 

(2)  Length-of-exposure  series. 

(3)  Package  series. 

(4)  Variety-of-fruit  series. 

(5)  Injury-to-fruit  series. 

(6)  Low-temperature  series. 

Except  in  the  sixth  series  all  tests  were  made  in  the  basement 
room  referred  to,  which  was  supplied  with  steam  pipes  for  purposes 
of  heating  the  building,  maintaining  a  temperature  for  the  basement 
of  from  65°  to  70°  F.  An  abimdant  quantity  of  each  variety  of  fruit 
used  was  kept  untreated  to  determine  the  condition  of  the  scales 
from  time  to  time  during  the  winter.  The  condition  of  the  scales  on 
Baldwin  and  Rhode  Island  Greening  apples  during  the  winter  of 
1906-7  is  shown  in  Table  II,  and  in  addition  to  furnishing  a  basis  of 
comparison  with  the  treated  fruit  will  serve  to  show  the  increasing 
mortality  of  the  scales  as  the  season  progressed. 
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Table  II. — Condition  of  San  Jose  scale  on  unjumigated  apples  during  the  winter  oj 
1906-7,    For  comparison  with  condition  oJ  scale  on  Jumtgated  fruit. 


Date  of  examination. 


Variety  of  apple. 


Kovember  12, 1906 Baldwin 

November  26, 1906 do 

December  13, 1906 do 

February  20, 1907 do 

February  28,1907 do 

December  3, 1906 Rhode     Island 

Greening. 


December  14, 1906 do. 

December  29, 1906 do. 

January  14, 1907 do. 

February  27, 1907 do. 


Num- 
ber 

of  ap- 
ples 


Ined. 


Num- 
ber 
of 


alive. 


10 

10 ! 

10 
10  I 
10 
10 


10 
10 

10  I 
10  I 


Num-     Per   I 

ber    I  cent 

of  of 

scales '  scales 

dead.  !  alive. 


Remarks. 


I 


550 

441 

55.90 

Fruit  kept  in  out-of-door  store- 
house. 

572 

428 

57.20 

Do. 

533 

477 

53.30 

Do. 

360 

640 

36.00 

Do. 

102 

898 

ia20 

Do. 

302 

098 

30.20 

Held  in  cold  storage  4  weeks. 
After  Dec.  3  In  out-of-door 
storage  house. 

277 

723 

27.70 

Do. 

256 

744 

25.60 

Do. 

235 

765 

23.50 

Do. 

999 

999 

.10 

Do. 

STRENGTH-OF-GAS    SERIES. 

From  the  first-mentioned  or  strength  series  of  tests  it  was  desired 
to  obtain  information  on  the  strength  of  gas  necessary  to  kill  the 
scale,  and  incidentally  the  possible  effect  of  these  various  strengths 
upon  the  fruit.  The  apples  used  were  of  the  Baldwin  variety,  from 
western  New  York  (Niagara  County) ,  and  badly  infested  with  the  scale. 
The  fumigation  was  done  November  12,  1906,  with  fruit  but  a  few 
days  in  cold  storage  from  the  orchard  and  perfectly  dry  when  treated. 
Ordinary  open  market  baskets  were  used,  of  about  one-third  bushel 
capacity,  and  were  nearly  filled  with  the  infested  fruit.  Fumigation 
continued  for  forty-five  minutes.  The  essential  details  are  given  in 
Table  III. 


Table  III. — Effect  oJ  different  strengths  oj  hydrocyanic-acid  gas  on  scales  andjruit. 
posure^  Jorty-five  minutes.     {Strength  series.) 


Ex- 


Experiment  No.— 

Variety  of 
apple. 

Kind  of 
package. 

Rate  at  which 
potassium 

cyanid 
was  used. 

Number 
of  scales 
exam- 
ined. 

Effect  on  scales. 

Effect  on 
fruit. 

1 

Baldwin., 
.do 

i  bu.  basket. 
do 

lOr.per.cu.f*. 

1               0.05 
0.10 
a  15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

3,162 
1,426 
1,678 
1,963 
3,615 
3,920 
2.006 
2,131 
1,862 
2,050 

Many  alive 

AH  dead 

No  injury. 
Do. 

2 

3 

...do 

do 

do 

Do. 

4 

.do 

.     .do 

.do 

Do. 

5    

..do 

do 

...do 

Do. 

6 

...do 

do 

....do 

Do. 

7. 

.do 

..do 

do 

Do. 

8 

...do 

do 

do 

Do. 

9. 

.do 

.do 

.do 

Do. 

10 

...do 

do 

do 

Do. 

From  the  table  it  will  be  noted  that  all  scales  were  killed  without 
injury  to  the  fruit,  at  all  strengths  except  where  0.05  gram  potassium 
cyanid  per  cubic  foot  was  used.     In  this  experiment  (No.  1)  at  first 
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examination,  two  weeks  after  treatment,  a  total  of  13  scales  of  the 
942  examined  was  regarded  as  alive.  At  the  second  examination,  a 
month  after  treatment,  all  scales  were  plainly  dead,  being  discolored 
and  drying  up. 

LENGTH-OF-EXPOSURE   SERIES. 

In  the  second  or  exposure  series  it  was  desired  to  determine  the 
effect  on  the  fruit  of  various  periods  of  exposure  and  also  the  effect 
of  the  treatments  upon  the  scales.  The  variety  employed  was  Bald- 
win, from  the  same  orchard  in  western  New  York,  and  badly  infested 
with  the  insects.  The  fruit  was  dry  when  treated  and  was  placed  in 
one-third  bushel  baskets.  The  fruit  was  fumigated  November  13, 
1906,  with  results  as  shown  in  Table  IV. 

Table  IV. — Effect  oj  different  periods  of  ejcposure  on  scales  and  fruit.     Strength,    O.iO 
gram  potassium  cyanid  per  cubic  foot.     {Exposure  series.) 


Experiment     Variety  of 
>o.—  apple. 


Kind  of 
package. 


I  Rate  at  which 


Number 


potassium      Length  of  ex-  «,i|iC.      Effect 


cyanid  was 
used. 


posure. 


U 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Baldwin . .    J  bu.  basket. 


.do. 
-do. 
.do. 
•  do. 
.do. 
.do. 
.do. 
.do. 
.do. 


do. 

..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do. 


'  Or.  percu./t.  \ 

a 20  I  3 hours.. 


0.20 

2i  hours 

2  hours 

0.20 

0.20 

U  hours 

IJ  hours 

a20 

0.20 

Ihour 

0.20 

50  minutes.. 

0.20 

40  minutes.. 

0.20 

30  minutes.. 

0.20 

20  minutes.. 

'  counted. 


3,360 
1,968 
3.047 
1.510 
2,007 
2,100 
1,518 
1,172 
2.185 
l,3til 


scales. 


All  dead 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 


Effect  <Ni 

fruit. 


No  injury. 
Do. 
Do. 
Do. 
Do, 
Do. 
Do. 
Da 
Da 
Do. 


It  will  be  noted  that  all  exposures  were  effective  in  killing  the 
insects,  as  determined  by  the  two  subsequent  examinations,  without 
any  injury  to  the  fruit. 

PACKAGE    SERIES. 

In  the  third  or  package  series  it  was  desired  to  determine  the 
possibility  of  successfully  treating  the  scales  on  apples  in  the  original 
packages,  but  opened  up  in  various  practicable  ways.  Some  of  the 
fruit  treated  was  but  a  short  while  from  cold  storage,  and  the  con- 
densed moisture  on  the  surface  presented  afforded  opportunity  to 
observe  if  this  lessened  the  effect  of  the  gas  on  the  insect  or  contributed 
to  injury  to  the  fruit.  Several  varieties  of  apples  were  used,  as  Ben 
Davis,  York  Imperial,  Baldwin,  and  Rhode  Island  Greening.  The 
work  of  fumigation  extended  over  the  period  from  November  14, 
1906,  to  January  22,  1907,  as  stated  more  in  detail  in  the  remarks 
following  the. table.  Table  V  presents  the  essential  features  of  the 
tests,  grouped  according  to  varieties  of  fruit  and  character  of 
experiment. 
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Table  V. — Effect  of  Jumiaation  with  hydrocyanic-acid  gas  on  scales  and  fruit  in  different 
kinds  oj  packages .     ( Package  series . ) 


Experi- 
ment 
No.- 


Variety  of 
apple. 


Kind  of  package  and 
condition  of  fmit. 


26, 


Ben  Davis Barrel,  slat  bottom, 

top  out;  fruit  dry. 

do I  Barrel,  slat  bottom, 

I      top  in;  fruit  dry. 

38 do Barrel  just  from  cold 

storage,  iron  header 
in  lower  end;  fruit 
wet  from  condensa- 
tion. 
Barrel  not  opened;  1 
hour  from  cold  stor- 
age. 
30 do Barrel   with  twenty 


i-inch  auger  holes 
In  each  end; 


31 


.do. 


.do.. 


York  Imperial. 


fruit 
moist. 
Barrel  with  twenty 
}-inch  auger  holes 
in  each  end;  fruit 
dry. 
Barrel  open  at  top; 

fruit  dry. 
Barrel    unopened; 
fruit  dry. 

do Barrel,  top  open;  fruit 

dry. 

Baldwin Barrel,  iron  header  in 

bottom;  fruit  moist. 

do Barrel,  top  open;  fruit 

I  moist. 

37 do Barrel,  iron  header  in 

I      bottom,  top  open; 
fruit  moist 

38 ' do Barrel,    lower    head 

I  with  twenty  J-inch 

auger   holes;    fruit 
moist. 
39 do I  Barrel,     both     ends 


3G. 


•40 1  Rhode  Island 

i      Greening. 
41 do 


42. 


.do., 


with  twenty  J-inch 
auger  holes;  fruit 
moist. 

Barrel,  iron  header  at 
bottom;  fruit  dry. 

Bushel  box,  fruit  un- 
wrapped; dry. 

Bushel  box,  fruit 
wrapped;  dry* 


Rate  at 
which 
potassi- 
um cya- 
nid  was 
used. 


Length 
of  ex- 
posure. 


Or.  per   \ 
cu.  ft.      Hours. 
0.20  ;  i    2,0 


Num- 
ber of 


exam- 
ined. 


.20  I 


I     2,070 

1       2.4G7 


.30  ,  1  I    1,709 

.30  I  1  i     1.805 


.30  ; 

I 
.30 

.30 

.30 

.^\ 

.30 

.30  i 


1,820 


1,505 
1.570 
4.G40 
I  j  3,150 
1  I  3,450 
1  '    3.150 


I 


Effect  on 
scales. 


A  few  alive. . 

AU  dead 

1  scale  alive. 


Effect  on 
fruit. 


.,  No  injury. 
1 

Do. 

Do. 


Many     live^ 
scales. 

AUdead ' 


.do.. 


-do., 


Man 
scales, 


7 
lei 

..do 


live 


AUdead 

....do 

....do 


3,300   do. 


3.401 


.do 


Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


1  ,    5,535  ,  A   few  scales  |  Fruit  badly 

I              i      alive.  injured. 

1  ;    2,970     AUdead I         Do. 


3.825   do 


Do. 


In  experiments  Nos.  26  and  27  the  fruit  was  fumigated  November 
14,  1906,  and  as  the  variety  used,  Ben  Davis,  was  not  sufficiently 
infested  with  scales  for  purposes  of  later  examinations,  about  one- 
third  bushel  of  badly  infested  Baldwins  was  placed  in  the  center  of 
each  of  the  barrels  and  carefully  repacked.  The  slat  bottom  used 
consisted  of  several  strips  of  wood  fastened  so  as  to  replace  the  lower 
head  and  hold  the  fruit  in  place.  In  No.  26  the  upper  barrel  head 
was  also  removed,  leaving  the  fruit  fully  exposed  above  and  below, 
and,  as  the  packages  in  all  cases  were  supported  by  the  open  platform 
in  the  box,  the  gas  could  pass  through  the  barrel,  thoroughly  sur- 
rounding the  fruit.  The  treatment  of  barrel  in  No.  27  differed  only 
in  leaving  in  the  top  of  the  barrel,  this  being  open  at  the  bottom 
only.  Two  examinations  of  the  Baldwin  apples  from  center  of 
barrels  were  made  at  intervals  of  two  weeks.     In  the  first,  Novem- 
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ber  26,  1906,  a  few  scales  on  one  apple  in  No.  26  were  regarded  as 
doubtfully  dead,  and  hence  were  classed  as  alive;  and  upon  the  second 
examination,  December  14,  six  insects  on  one  fruit  and  one  on 
another  were  also  doubtful. 

In  experiment  No.  28  an  iron  screen  "header''  was  used  in  the 
lower  end  of  the  barrel,  the  top  not  being  removed.  This  header, 
devised  by  Mr.  S.  J.  Dermis  of  Field  Investigations  in  Pomolog\^  as 
shown  in  figure  3,  consisted  of  a  circular  framework  of  strong  iron 
strips,  somewhat  smaller  than  the  barrel  head,  to  which  w^as  attached 
a  semicircular  piece  hinged  along  the  middle,  fitting  over  one-half  of 
the  frame  beneath,  and  firmly  held  by  a  locking  device  on  the  rim. 


Fio.  3— Special  barrel ''header"  for  replacing  lower  barrel  head  ia  fumigating  directly  over  discharge 

box.   (Original.) 

The  header,  with  screened  surface  turned  inward,  when  pressed 
in  place  fitted  the  head  tightly  and  firmly  held  the  apples  in  their 
original  positions,  and  permitted  free  access  of  the  gas.  This  barrel 
when  fumigated  had  been  one  and  one-half  hours  from  cold  storage 
and  the  fruit  was  thoroughly  wet  from  condensation  of  moisture,  the 
temperature  of  fruit  being  l.o°  C.  On  account  of  scarcity  of  scale 
insects,  only  one  examination  w^as  made,  December  26,  1906,  the 
fruit  examined  being  taken  from  the  top,  middle,  and  bottom  of  the 
barrel.  Of  the  1,662  scales  examined,  one  from  an  apple  in  the  center 
of  the  barrel  was  regarded  as  doubtfully  dead.  No  injury  to  the  fruit 
was  subsequently  noted,  despite  the  presence  of  the  moisture. 
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In  experiment  No.  39  the  barrel  was  fumigated  just  as  it  came 
from  the  cold-storage  plant  an  hour  previous.  Owing  to  the  moist 
conditions  under  which  it  had  been  stored,  the  cracks  of  the  barrel 
were  very  tight,  and  it  was  hardly  expected  that  the  gas  could  pene- 
trate the  package  suflBciently  to  kill  the  scales  to  any  extent,  which 
proved  to  be  the  case.  The  package  was  fumigated  December  12, 
1906,  and  December  27  apples  from  the  top,  middle,  and  bottom  of 
the  barrel  were  examined.  Of  the  1,709  scales  counted,  many  were 
unquestionably  alive. 

With  Nos.  30  and  31,  twenty  |-inch  auger  holes  were  bored  into 
each  end  of  the  barrel,  thoroughly  perforating  them  to  allow  ready 
access  of  the  gas.  The  barrel  used  in  No.  30  was  an  hour  from  cold 
storage,  and  the  fruit  was  wet  with  condensed  moisture,  the  tempera- 
ture of  the  fruit  being  1°  C.  In  case  of  No.  31,  the  fruit  was  thor- 
oughly dried  by  spreading  on  the  floor  of  the  basement  room,  and 
then  repacked.  Fumigation  was  done  December  12  and  13,  respec- 
tively, and  examinations  made  December  27  and  28,  using  apples  from 
the  top,  middle,  and  bottom  of  the  barrels,  and  in  neither  were  any 
live  scales  to  be  found,  nor  was  any  injury  to  the  fruit  to  be  noted, 
then  or  subsequently. 

Experiments  Nos.  33  and  34,  using  the  York  Imperial  variety,  were 
made  December  13.  With  No.  33  the  fruit  was  well  dried  on  the 
floor  of  the  basement  room,  and  then  repacked,  the  barrel  headed 
up  as  usual.  In  this  package  (examined  December  28),  of  a  total  of 
1,570  scales  counted,  152  were  unquestionably  alive.  In  No.  34  the 
fruit  had  been  taken  from  cold  storage  about  eighteen  hours  before, 
and  kept  in  the  basement  room.  The  top  of  the  barrel  was  removed; 
otherwise  the  package  was  undisturbed.  The  first  examination 
(December  28)  of  fruit  from  the  top,  middle,  and  bottom  of  the 
barrel  included  a  total  of  4,640  scales,  of  which  91  were  considered 
doubtfully  dead.  Upon  the  second  examination  (January  .15), 
including  2,680  scales,  6  were  doubtfully  dead. 

In  experiments  Nos.  35  to  39,  using  the  Baldwin  variety,  the  fruit 
had  been  held  in  ordinary  cellar  storage  by  the  orchardist  in  western 
New  York  until  about  January  1,  when  it  was  shipped  to  Washington, 
and  received  January  17,  and  at  once  placed  in  cold  storage  until 
January  22,  when  it  was  removed  for  fumigation.  As  shown  in  the 
table,  these  included  a  variety  of  tests,  all  scales  being  killed  and 
without  injury  to  the  fruit.  But  one  examination  of  this  lot  was 
made  (February  20-21),  using  apples  as  previously  from  the  top, 
middle,  and  bottom  of  barrels. 

In  Nos.  40  to  42  the  Rhode  Island  Greening  variety  was  used,  also 
from  the  same  orchard  in  western  New  York.  Fumigation  of  No. 
40  was  done  December  12,  and  owing  to  the  scarcity  of  infested  apples 
of  this  variety,  about  one-third  bushel  was  placed  in  the  bottom, 
center,  and  top  of  the  barrel,  respectively,  using  Baldwin  and  Ben 
Davis  apples  to  fill  up  the  balance  of  the  barrel.     The  fruit  was  care- 
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fully  packed  and  the  "iron  header''  put  in  place,  the  open  end  down. 
The  single  examination,  made  December  29,  of  fruit  from  the  three 
parts  of  the  barrel  included  2,290  scales,  of  which  10  were  doubtfully- 
dead.  In  Nos.  41  and  42,  fumigated  December  1,  the  usual  com- 
mercial apple  box  was  used,  in  the  former  the  fruit  being  unwrapped, 
and  in  the  latter  wrapped  with  the  pai>er  usually  employed  for  this 
purpose.  Iti  both  cases  the  fruit  was  examined  twice  (December  19 
and  31)  and  all  scales  were  found  dead.  With  this  variety,  how- 
ever, namely,  Rhode  Island  Greening,  from  western  New  York,  there 
was  marked  injury  to  the  fruit  from  the  gas.  This  injury  was  evi- 
denced by  a  browning  or  " scalding '^  of  the  skin,  especially  around 
the  calyx  end  of  the  fruit,  including  the  calyx  basin  and  adjacent 
parts.  Plate  II,  figure  2,  shows  the  color  and  locality  of  typical  gas 
injury  to  this  variety,  which  very  closely  resembles  the  ordinary  cold- 
storage  "scald.'* 

VARIETY-OF-FRUIT   SERIES. 

To  test  the  susceptibility  of  various  varieties  of  apples  to  gas  injury 
a  miscellaneous  collection  was  secured  from  the  market  in  Washing- 
ton. The  origin  of  the  fruit  was  not  known,  and  it  was  free  from  the 
San  Jose  scale.  About  one  peck  of  apples  of  each  sort  was  use<i, 
placed  in  one-third  bushel  baskets,  and  to  each  basket  were  added 
20  badly  infested  Baldwin  apples,  to  determine  the  eflFect  of  treat- 
ment on  scales.  Three  of  the  baskets  were  placed  in  each  fumi- 
gating box,  and  the  entire  15  thus  exposed  simultaneously.  The 
varieties  used  and  other  details  are  given  in  Table  XI. 

Table  VL — Effect  of  hydroofank-add  gas  on  different  varieties  of  apples.     Exposure, 
one  hour;  potassium  n/anid  iLsed,  O.SO  gram  per  cubic  foot.     (  Variety  series.) 


Experi- 
ment 
No.- 


Variety  of  apple. 


Kind  of 
package. 


Tolman  sweet i-bu.  baskets* 


Yellow  Bellflower. 

Fallawater 

Winesap 

Fameuse 

York  Imperial 

Ben  Davis 

Lavaar 

Pound  Sweet 

Rhode  Island  Greening. . 

Northern  Spy 

King 

Grimes  Golden 

Baldwin. 


do. 

..do.a 

.  .do.a 

..do.o 

..do.o 

.  .do.a 

..do.o 

..do.o 

..do.a 

.  .do.a 

..do.a 

..do.a 

..do.a 


Peck  Pleasant i do.« 


Rate  at 


Num- 


whichpotas-    ^"?**   ^,°'    Effect  on!   Effect© 


Or.  per  cu.  ft. 
0  30 
0.30 
0  30 
0.30 
0.30  , 
0.30 
0.30 
0.30 
0  30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 


1,037  .\Udead.j  No  Injury. 

1,057  ...do Da 

1,109  ...do Do. 

1,010  ...do '  Do. 

950  ...do Da 

891  ...do '  Da 

986  ...do Da 

750  ...do Da 

1,210  ...do Do. 

940  ...do Da 

1,195  ...do Da 

967  ...do Da 

910  ...do '  Do. 

1,140  ...do Do. 

750  ...do Da 


a  In  each  basket  were  also  placed  20  scale-lnXested  Baldwins  to  determine  effect  on  scales.     Apples  from 
Center  Market,  Washington,  D.  C. 

Fumigation  was  done  November  30,  1906,  and  the  fruit  was  kept 
under  observation  for  several  weeks.  No  gas  injury  whatever 
developed  and,  as  will  be  noted,  all  the  scales  on  the  infested  Bald- 
wins were  killed.     The  absence  of  injury  to  the  Rhode  Island  Green- 
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Plate  II. 


Apples  Infested  with  San  Jose  Scale. 

Fiff.  1.  Rhode  Island  Greening-.*    fir.  2, same  variety.  Rhowins-  also  discoloration  from  effect  of 
foniiffation  with  hydrocyanic-acid  gas. 
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ing  variety,  used  in  this  instance,  is  noteworthy,  in  view  of  the  invari- 
able injury  noted  with  this  sort  from  western  New  York. 

The  following  day,  December  1,  additional  fruit  of  all  of  the 
varieties  above  hsted  in  the  table  was  fumigated,  using  gas,  however, 
at  the  strength  of  0.50  gram  of  potassium  cyanid  per  cubic  foot — an 
excessive  amount.  A  final  examination  of  this  fruit,  January  5, 
showed  that  no  injury  had  resulted  in  the  use  of  gas  at  this  strength, 
including  the  Rhode  Island  Greening. 

RHODE-ISLAND-GREENING-IXJURY   SERIES. 

The  injury  resulting  from  fumigation  to  the  Rhode  Island  Greening 
variety  from, western  New  York  required  further  tests  to  determine, 
if  possible,  a  strength  of  gas  or  period  of  exposure  which,  while 
effective  against  the  scale,  would  not  cause  injury  to  the  fruit.  The 
experiments  bearing  on  this  subject  are  brought  together  in  Table 
VII. 

Nos.  44,  44a,  and  44b,  while  made  to  determine  the  relative  effec- 
tiveness of  the  gas  on  scales  on  dry,  moist,  and  wet  fruits,  are  here 
inserted  as  bearing  on  the  subject  in  hand.  'All  the  fruit  was  from 
the  same  orchard  and  kept  imder  the  same  conditions.  It  arrived 
in  Washington  from  the  orchardist  on  October  18,  and  was  at  once 
placed  in  cold  storage  until  fumigated. 

Nos.  44,  44a,  and  44b  were  fumigated  December  1,  1906,  and  Nos. 
63  to  59,  January  22,  1907.  Subsequent  to  fumigation  fruit  was 
kept  in  the  storage  house  on  the  Agricultural  Department  grounds, 
as  described.     The  further  details  are  given  in  the  table  below. 

Table  VII. — Ejfect  on  the  Rhode  Islajid  Greening  apple  of  different  strengths  of  hydro- 
q/anic-acid  gas,  with  different  periods  of  exposure.  Fruit  loose  in  one-third  bushel 
baskets. 


Rate  at 
which  po-    Length 

tassium       of  ex- 
eyanidwas  posure. 
used.      I 


52 SUghtly  moist 


63. 
54. 


65. 

66. 


57. 


69. 


Check. 


.do., 
.do.. 


.do., 
.do.. 


.do. 
.do., 


Aq.. 


Or. per  cu.ft. 

aao 

0.30 

a3o  , 

0.15  ' 
0.15 

a  15 

0.20 

a20 


Hours. 

1 


0.20 

a25 


aso 

Not  treated 


Effect  on  fruit. 


Date  of 
examination.     Number 
badly 
Injured. 


Jan.  3.. 

1  I do.. 

1  t do.. 

,  |fJan.28. 
^  iiFeb.4.. 
„  '/Jan.  28. 
^  tFeb.4.. 

Jan.  28. 

Feb.  4.. 

Jan.  28. 

Feb.  4.. 

Jan.  28. 

Feb.  4.. 

Jan.  28. 

Feb.  4.. 

Jan.  28. 

Feb.  4.. 

Jan.  28. 

Feb.  4.. 

Jan.  28. 


Number  :  Number 
slightly  showing 
injured,  no  injury 


17 
14 
14 
23 
25 
18 
23 
19 
20 
19 
25 
19 
21 
12 
8 

15  I 

16  1 
15 
16; 

o| 


24 
19 
17 

28 
26 
15 

7 
11 

4 
•25 
19 

7 

5 

5  I 

15  ' 

5 

39 
38 

0 


Feb.  4 Many  fruits  showing  scald. 


Total 
num- 
ber of 
apples. 


50 


34 


52 


49 


52 


48 


46 


48 


56 
43 
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As  shown  above,  all  lots  of  fruit  of  this  variety  from  the  western 
New  York  orchard  were  injured  by  fumigation.  The  injury  increased 
in  extent  along  with  the  increase  in  period  of  exposure.  A  stronger 
dose  for  a  shorter  period  of  exposure  was  less  injurious  than  a  weaker 
one  for  a  longer  period,  as  seen  by  comparison  of  Nos.  54  and  59. 
It  will  also  be  noted  from  Nos.  44,  44a,  and  44b  that  injury  does  not 
depend  upon  whether  the  fruit  be  dry,  wet,  or  moist  at  time  of  treat- 
ment. The  injury,  in  fact,  was  less  pronoimced  on  the  moist  and 
wet  samples  than  on  the  dry  fruit.  The  increased  injury  noted  at 
time  of  second  examination  of  Nos.  52  to  59  was  imdoubtedly  due  in 
part  to  the  appearance  of  the  so-called  '*  cold-storage  scald,''  to  which 
this  variety  is  quite  susceptible,  as  shown  by  the  untreated  fruit  kept 
for  comparison.  With  Nos.  44,  44a,  and  44b,  the  examinations  were 
made  too  long  after  treatment  to  avoid  danger  of  confusion  of  cold- 
storage  scald,  though  it  may  be  said  that  gas  injury  was  noted  soon 
after  treatment. 

As  bearing  on  the  possible  influence  of  moderate  or  excessive 
moisture  on  fruit  at  time  of  fumigation,  the  following  tests  are 
brought  together,  in  part  from  other  tables,  and  some  are  not  else- 
where presented: 

Table  VIII. — Effect  of  fumigation  with  hydrocyanic-acid  gas  on  fruit  in  a  dry^  moists 

and  wet  condition. 


Rate  at 


^JJ^f*'  VaH..vn/.nnio       Ktad  of  DackaRi*  and  cx)n-    I  "^tai^SiKT    ^f^^'       Effect  on      I   Effect  on 
ment     \  arlety  of  apple. ,  dltlon  of  fruit.  I  .,!?S  ^o.  ^T.^  scales.         |      fruit. 


No.-  '''"""  "* "  "*'•  cyanlU  was  posure. 

used. 


40 !  York  Imperial . .    4  bu.  basket;  fruit  dry 1.5 

40e do 4  bu.  basket;  fnilt  wet 1.5 

44 .Rhode     Island     i  bu.  basket;  fruit  dry 0.30 

Greening. 

44a do '  4  bu.  basket;  fruit  moist...  a30 

44b....    do J  bu.  basket;  fniit  wet a  30 

28 Baldwin Barrel;  fruit  wet a30 

30 do Barrel;  fruit  moist '  a30 

35 do do 0.30 

36 do do 

37 do ' do 

38 do do 


I 


Or.percu.fl.  Hours.  \ 

'  \  No  record No  injur>-. 

' do Do. 

,  All  dead Badly    In- 

1  iuied. 

do Do. 

do Do. 

I  One  doubtful .  No  Injurj'. 

AUdead I  Do. 

do Do. 

do Do. 

do ;  Do. 

' do Do. 


0.30 

a  30  I 
a30 


COLD-STORAGE    SERIES. 


In  order  to  test  the  fumigation  process  upon  a  larger  scale,  approxi- 
mating what  might  obtain  in  commercial  practice,  a  larger  fumi- 
gatorium  was  constructed,  6  by  6  by  8  feet.  The  sides,  ends,  and 
top  were  made  separately,  using  2-inch  square  lumber  for  the  frame- 
work. These  frames  were  covered  with  10-ounce  duck,  which  was 
treated  with  two  coats  of  boiled  linseed  oil.  Previous  to  bolting  the 
frames  together,  strips  of  heavy  felt  cloth  were  glued  where  the 
frames  came  in  contact,  giving  a  very  tight  union.    On  the  floor,  a 
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wide  piece  of  heavy  linoleum  was  used,  and  the  framework  screwed 
down  firmly  all  aroimd,  also  using  felt  strips  to  insure  tightness. 
This  made  a  very  tight  box  which  proved  quite  satisfactory  for  the 
work.  The  necessary  potassium  cyanid  was  divided  into  four  parts, 
one  of  which  was  used  near  each  comer  of  the  fumigatorium. 

To  provide  for  removal  of  gas  at  end  of  period  of  exposure  a 
large  canvas  box,  12  by  12  inches  square,  extended  from  a  slide 
door  opening  at  the  rear  of  the  fumigatorium  to  an  adjacent  window. 
A  large  electric  fan  was  placed  inside  the  fumigatorium  and  operated 
from  the  outside,  forcing  the  air  toward  the  outlet.  With  this 
arrangement  it  required  about  twenty  minutes  to  suflBciently  clear 
the  box  of  gas  to  permit  of  opening  it.  The  whole  outfit  was  placed 
in  one  of  the  cold-storage  rooms  of  a  local  cold-storage  plant,  in 
which  the  temperature  was  uniformly  30^  F.  This  furnished  oppor- 
tunity to  determine  the  effectiveness  of  the  gas  at  a  comparatively 
low  temperature  and  under  conditions  which  might  become  neces- 
sary in  the  actual  fumigation  of  fruit  in  cold-storage  houses. 

Packages  Nos.  60  to  67  were  fumigated  January  29  and  examined 
for  condition  of  scales  on  February  21.  Nos.  68  to  70  were  fumi- 
gated February  25  and  examined  March  15.  These  latter  were  made 
to  repeat  some  of  the  earlier  tests,  to  secure  corroborative  data. 
The  fruit  used  was  of  the  Baldwin  variety  and  had  been  held  in  the 
same  cold-storage  room  since  October,  and  undisturbed  in  the  original 
barrels,  except  that  used  in  boxes  which  was  packed  from  one  of  the 
barrels  of  this  lot.  In  Table  IX  the  features  of  the  work  are  pre- 
sented more  in  detail: 

Table  IX. — Effect  of  fumigation  mth  hydrocyanic-acid  gas  on  scales  and  fruit  at  cold- 
storage  temperature,  3(f  F. 


^^S^       Variety  of 

No"- ;     ^pp»^- 

Kind  of  package 
(fruit  dry). 

Rate  at 
which 
potas- 
sium 
cyanid 
was  used. 

Or.  per 
0.30 

0.30 
0.30 

a30 
0.30 
0.30 

0.30 
0.30 

0.30 

0.30 

Length 
of  ex- 
posure. 

Hoars. 

Num- 

^''       ElTecton 

ined.   j 

Effect  on 
fruit. 

60 

62 

63 

64 

65 

66 

67 

Baldwin 

do 

do 

do 

do 

Barrel,  each  end  with 
twenty  |-inch  auger 
holes. 

Barrel,  top  open 

Barrel,  iron  header  in 
bottom. 

Box,  fruit  unwrapped . 
do 

3,600     All  dead 

3,2.50   do 

3,800   do 

3,600   do 

2,330  , do 

No  injury. 

Do. 
Do. 

Do. 
Do. 

Rhode  Island 

Greening. 
Baldwin 

}  >>u ,  >)f^<?kAt    , . 

2,400  ' do J  Norecord- 

do 

2,230  1 do 

2,350     A   few  scales 

doubtful. 
2,950     1  scale  doubt- 

1      ful. 
3.400     All  dead 

No  injury* 

«« 

60 

70 

do 

do 

do 

Barrel,  top  open 

Barrel,  iron  header  in 

bottom. 
Barrel,  each  end  with 

15 1-inch  auger  holes. 

Do. 
Do. 
Do. 
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In  examining  the  fruit,  apples  were  selected  from  the  top,  middle, 
and  bottom  of  the  barrel,  as  usual.  It  will  be  noted  that  all  scales 
were  killed,  except  in  case  of  Nos.  68  and  69.  After  fumigation  of 
Xos.  68  to  70  it  was  found  that  one  of  the  quarter  packages  of  cyanid 
in  which  the  total  dose  had  been  divided  had  failed  to  drop  into  the 
acid  jar  beneath,  so  that  the  quantity  of  cyanid  used  was  in  reality 
at  rate  of  0.225  gram  per  cubic  foot,  instead  of  0.30  gram  as  indi- 
cated in  the  table.  In  No.  68,  four  scales  were  found  on  fruit  from 
the  center  of  the  barrel  which  were  considered  doubtful.  In  No.  69, 
one  scale  only  was  doubtful,  and  this  also  on  an  apple  found  in  the 
middle  of  the  barrel. 

In  summarizing  the  hydrocyanic-acid  gas  tests  during  the  winter  of 
1906-7  it  must  be  said  that  the  results  were  far  from  satisfactory. 
In  all  cases  of  fumigation  where  the  apples  were  more  or  less  loose, 
as  in  baskets,  the  scales  were  invariably  all  killed,  and  in  the  tests 
of  the  effect  of  the  gas  upon  the  various  varieties  of  apples  no  injury 
whatever  resulted,  even  though  excessive  strengths  were  «sed — 
much  stronger  than  necessary  to  destroy  the  scales.  The  exception 
of  the  Rhode  Island  Greening  from  western  New  York,  however,  is 
to  be  noted,  and  as  shown  in  Table  VII  no  strength  of  gas  was  found 
which  did  not  injure  the  fruit. 

In  the  package  series,  including  the  treatment  of  fruit  in  boxes 
and  barrels  as  would  be  necessary  in  commercial  use,  there  was  lack 
of  uniformity  in  killing  the  scales.  As  already  stated,  this  was 
probably  more  apparent  than  real  and  resulted  from  error  in  classi- 
fication of  the  insect  as  to  whether  dead  or  alive,  as  the  fruit  was 
held  under  temperature  conditions  which  would  perhaps  greatly 
favor  their  preservation  and  natural  color.  However,  in  all  cases 
where  the  barrel  heads  were  perforated  with  auger  holes  and  in 
boxes  with  fruit  wrapped  or  unwrapped  all  scales  were  killed. 

TESTS  OF  CABBON  BISXTLPHID. 

In  the  preliminary  tests  of  fumigants,  one  of  those  tried  was 
carbon  bisulphid.  The  first  test  was  made  November  14,  placing 
scale-infested  Baldwin  apples  in  one-third  bushel  baskets  on  the 
platform  in  the  fumigating  boxes.  The  carbon  bisulphid  was 
exposed  in  shallow  dishes  placed  on  top  of  the  fruit.  The  period 
of  exposure  was  uniformly  three  hours,  the  doses,  however,  varying 
as  shown  in  the  table.  On  account  of  the  poor  results  secured 
in  this  test,  carbon  bisulphid  was  again  tried  December  14  (Nos. 
45  to  47,  inclusive),  the  fruit  being  placed  on  the  floor  of  the  boxes 
and  the  carbon  bisulphid  dishes  above,  so  that  if  possible  the  fruit 
would  be  more  thoroughly  subjected  to  the  fumes,  as  the  liquid 
evaporated  and  the  gas  sank  to  the  floor.     In  this  latter,  infested 
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Rhode  Island  Greening  apples  were  used,  as  shown  in  the  following 
table: 

Table  X. — Effect  of  fumigation  with  carbon  bisulphid  on  scales  and  fruit. 


Experi- 
ment 
No.- 

Variety  of 
apple. 

Kind  of  package. 

Finnigant 
and  rate  at 
which  used. 

Time 
of  ex- 
posure. 

Num- 
ber of 
scales 
exam- 
ined. 

1,618 

1,405 

2,165 

2,040 

995 

770 

660 
930 

Effect  on    ,  Effect  on 
scales.       1      fruit. 

i 

21 Baldwin 

22 i do 

i-bushel  basket 

do 

C.  c.  per  eu.ft. 
CS,  0.060.... 

..  ..do.. 

Hours. 
3 

3 
3 
3 
3 
3 

3 
3 

Live   scales  !  No  injury. 

abundant. 
do '      Do. 

23 

24 

25 

45 

46 

47 

do....:... 

do 

do 

Rhode  Island 
Greening. 

do 

do 

do 

do 

do 

Apples  loose  on  floor 

...^.do.^*. 

do 

CSi  0.1384... 
CSi  0.2768. . . 
CSa  0.453.... 
CS«1.81 

CS«  0.453.... 
CSt  0.138.... 

do 1      Do. 

do 1      Do. 

do Do. 

do ]      Do. 

do j      Do. 

do Do. 

Examination  of  fruit  as  to  condition  of  the  scales  in  Nos.  21  to  25 
was  made  November  27,  about  two  weeks  after  treatment;  and 
Nos.  45  to  47,  December  29,  approximately  an  equal  interval  after 
treatment;  each  lot  was  again  examined  about  two  weeks  later. 
In  No.  25  the  carbon  bisulphid  was  used  at  the  rate  of  0.453  c.  c. 
per  cubic  foot.  This  is  equivalent  to  1  pound  to  1,000  cubic  feet. 
Using  this  as  a  normal,  doses  were  consecutively  decreased  by  one- 
half,  Nos.  21  and  22  being  duplicates.  In  the  second  series  of  tests, 
in  which  the  fruit  was  placed  on  the  floor  on  the  boxes,  the  carbon 
bisulphid  was  used  much  stronger  in  the  case  of  No.  45 — that  is,  1.81 
c.  c.  per  cubic  foot,  approximately  equal  to  4  pounds  per  1,000 
cubic  feet.  As  to  the  period  of  exposure,  namely,  three  hours,  it 
was  realized  that  this  was  perhaps  too  short,  but  in  actual  practice 
it  would  be  undesirable  to  greatly  lengthen  this  on  account  of  the 
need  of  expedition  in  work  of  this  character.  It  is  not  improbable 
that  where  fruit  could  be  subjected  for  several  hours,  as  overnight, 
to  carbon-bisulphid  fumes  a  heavy  dose  might  be  effective  in 
destroying  the  scales  and  without  injury  to  the  fruit. 

As  shown,  none  of  the  strengths  with  the  three-hour  exposure 
was  at  all  effective  in  killing  the  scale.  In  the  case  of  No.  45,  where 
the  greatest  strength  was  used,  there  were  120  live  scales,  of  a  total 
of  770  examined,  or  a  little  more  than  15  per  cent  of  the  insects 
counted;  or  on  the  basis  of  live  scales  present,  as  shown  by  the 
condition  of  the  checks,  approximately  28  per  cent  came  through 
alive.     In  no  instance  was  there  any  injury  to  the  fruit. 

EXPEBIMENTS  IN  1907-8. 

In  the  package  series  of  tests  made  during  the  winter  of  1906-7, 
with  the  exception  of  the  commercial  boxes  and  barrels  with  both 
heads  perforated  with  auger  holes,  a  few  scales  were  found  on  fumi- 
gated fruit  which  were  so  nearly  normal  in  color  and  appearance 
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as  to  give  rise  to  doubt  as  to  their  condition,  and  these  were  there- 
fore uniformly  regarded  as  alive.  The  preceding  season's  work 
indicated  that  great  range  in  strengths  of  gas  was  possible  without 
injury  to  the  fruit,  excepting  in  the  case  of  one  variety,  and  in  the 
case  of  loose  fruit  at  least  was  entirely  reliable  in  killing  the  scales. 
The  variabiUty  in  results  of  treatment  of  fruit  in  barrels  required 
further  tests,  as  if  put  to  practical  test  it  would  be  highly  desirable 
that  fumigation  could  be  done  without  disturbing  the  fruit  as 
originally  packed.  The  tests  in  1907-8  were  therefore  directed 
toward  establishing  a  treatment  for  fruit  in  original  packages, 
varying  the  strength  of  gas  and  the  period  of  exposure.  As  in  the 
preceding  season,  0.30  gram  of  chemically  pure  potassium  cyanid 
was  adopted  as  a  normal,  and,  while  perhaps  stronger  than  actually 
required,  it  was  desirable  to  have  an  excess  of  strength,  especially 
since  considerable  latitude  was  allowable  without  danger  of  injury 
to  the  fruit.  This  dosage  is  furthermore  approximately  that  already 
employed  in  treatment  of  dormant,  deciduous-fruit  nursery  stock — 
that  is,  1  ounce  to  each  100  cubic  feet  of  space  in  the  fumigatorium. 
The  Baldwin  variety  was  used,  obtained,  as  previously,  from  Niagara 
County,  N.  Y.,  but  from  another  orchard  than  the  fruit  used  in  1906-7. 
The  fruit  was  fumigated  from  November  29  to  December  2,  and  at 
once  placed  in  the  outbuilding  on  the  Agricultural  Department 
grounds  previously  mentioned,  in  which  the  temperature  ranged 
mostly  from  30^  to  40^  F. 

Extended  examinations  of  scales  on  apples  before  fumigation 
showed  that  81.1  per  cent  of  these  were  alive,  ranging  in  age  from 
quite  young  to  mature  gravid  females,  occurring  mostly  in  the  stem 
and  calyx  cavities.  The  condition  of  the  scales  on  fruit  at  this  time 
and  at  different  dates  subsequently  is  shown  in  Table  XI,  serving  for 
comparison  as  to  condition  of  scales  in  fumigated  fruit. 

Table  XI. — dmdition  of  San  Jose  scale  on  unfumigated  Baldwin  apples  during  the 
winter  of  1907-S  for  comparison  with  condition  of  scale  on  fumigated  fruU. 


Date  examined. 


November  29, 1907 
December  16, 1907. 
December  27, 1907. 
Januarys,  1908..-. 
February  3, 1908. . 
March  3, 1908 


Number 

Number 

Total 
number 
scales  ex- 
amined. 

of  scales 
aUve. 

524 

of  scales 
dead. 

122 

646 

796 

217 

1,013 

344 

109 

453 

930 

499 

1,429 

302 

454 

756 

101 

954 

1,055 

Per  cent 
alive. 


81.10 
78.50 
78.00 
65.06 
39.94 
9.57 


PACKAGE  SERIES,  1907-8. 


The  fruit  had  been  held  in  cold  storage  for  a  few  weeks  and  at  the 
time  of  fumigation  the  apples  from  the  middle  of  the  barrels  were 
somewhat  moist,  not  having  yet  dried  from  the  condensation  of 
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moisture.  In  Nos.  83  to  86  fruit  from  barrels  was  packed  in  the 
usual  way,  wrapped  and  unwrapped,  in  commercial  apple  boxes. 

The  first  examination  for  scale  on  the  treated  fruit  was  begun  on 
December  14  and  concluded  December  24,  and  reexamination  was 
done  from  January  3  to  8,  using  fruit  from  the  top,  middle,  and 
bottom  of  barrels  each  time. 

In  all  tests  in  1907-8  the  plan  was  adopted  of  holding  the  fruit  in  a 
warm  room,  where  the  temperature  was  from  70^  to  75°  F.,  for  two 
days  previous  to  examination  to  bring  about  a  more  marked  discol- 
oration of  the  dead  scales  and  eliminate  as  much  as  possible  any 
doubt  as  to  their  exact  condition.  The  method  of  treatment  was 
foimd  to  blacken  the  dead  scales  without  exception,  and  there  was 
never  any  question  as  to  whether  the  insect  was  dead  or  aUve.  The 
essential  features  of  the  test  are  given  in  the  subjoined  table: 

Table  XII. — Effect  of  fumiaation  with  hydrocyanic-acid  gas  on  scales  and  fruit  in  dif- 
ferent kinds  of  packages.     {Package  series ^  1907-8.) 


Experi- 
ment 
No.- 


71.. 

72., 
73., 
74. 
75., 
76., 
77., 
78., 
79. 

80. 
81., 
82. 
83. 
84. 
85., 


Variety  of 
apple. 


Kind  of  package. 


Baldwin..    Barrel,  iron  header  in  bot- 
tom. 
..do do 

.do do 

.do 1 do 

.do t  Barrel,  top  open 


..do. 
..do. 
..do. 
..do. 


.do. 
.do. 
.do. 


Barrel  with  20  }-inch  auger 
holes  in  each  end. 
.do. 
.do. 
.do. 


.do. 
.do. 
-do. 
.do. 
.do. 

.do '  Box,  fruit  wrapped. 

.do ' do 


.    Box,  fruit  unwrapped . 
'        .do. 


Rate  at 
which 
potas- 
sium 
cyanid 
was  used. 


Gr.  per 
cu.fi. 
0.30 

.30 
.30 
,50 
.30 
.30 
.30 
.50 
.30 

.30 
.30 
.60 


Num- 

exposure,  i     ^^^ 
'amined. 


Ihour 4,228 


3  hours... 
All  night. 
3  hours... 
1  hour.... 
3  hours... 
AU  night. 
3  hours... 
1  hour 


3  hours 

All  night.. 

3  hours 

..do 

All  night.. 

3  hours 

AU  night.. 


3,602 
4,899 
4,207 
4,898 
2,879 
4,562 
3,677 
4.603 

4,391 
3,667 
4,257 
2,690 
2,365 
3,263 
2,965 


Effect  on     Effect  on 
fruit 


All  dead.   No  injury. 


..do..., 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 

..do... 
..do... 
.uio... 
..do..., 
..do... 
..do... 
..do... 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


It  will  be  noted  from  the  table  that  in  every  case  the  treatment 
was  entirely  effective  in  killing  the  scale  insects  and  that  no  injury 
resulted  to  the  fruit. 

To  corroborate  these  results,  several  of  the  tests  were  repeated, 
using  fruit  from  the  same  source,  but  held  longer  in  cold  storage, 
namely,  imtil  February  5.  The  Baldwin  and  Roxbury  Russet 
varieties  were  used  and  after  fumigation  were  kept  in  the  outhouse 
mentioned.  The  percentage  of  live  scales  in  untreated  Baldwins  at 
time  of  fumigation  was  24.4  and  on  the  Roxbury  Russet  70.  In 
these  tests  it  will  also  be  noted  (Table  XIII)  that  all  scales  were 
killed  and  without  injury  to  the  varieties  of  fruits  used. 
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Table  XIII. — Corroborative  results  oj" effect  of/umigcUion  with  hy<irocyanioaeid  gas  on 
scales  and  fruit  in  different  kinds  of  packages.     (Package  series  1907S,) 


Experi-  ' 

ment  '  Variety  of  apple.  Kind  of  package. 

No.— 


Rate  at    i  Num- 

which  Length  I  ber  of  u.-^^  ^  vtr^*  ^«, 
potassium  'otix-  I  scales  ^£Sl^  ^?!?A*^ 
cyanld  was  posure.    exam-      «^»-  »"ii^ 

used.  ined. 


KH 

'                                 1 
..    Baldwin Barrel,  top  open 

89 

..' do do 1 

90.... 

91.... 
92.... 
93 

do Barrel,  with    20  Wnch 

auger  holes  in  each  end. 

-.1 do do 

. .  Roximry  Russet.    Box,  fruit  wrapped 

. . ' do do ' 

(                                            1 

Or.  percuft.   Hours.  j 

0.30  1  3,400    All  dead.  No  Injury. 

.30  3  3,231  '...do Do. 

.30  1  j  2,748  j...do Do. 

.30  3  3,290 '...do Do. 

.30  1  2,768    ...do....  Do, 

.30  3  2,567    ...do Do, 


One  barrel  of  scale-infested  Rhode  Island  Greening  apples,  from 
Niagara  County,  N.  Y.,  but  from  another  orchard  than  the  first  used 
in  1906-7,  was  fumigated  February  5  to  determine  if  injury  would 
result  as  in  the  earlier  tests.  An  iron  header  replaced  the  usual  barrel 
head,  the  open  end  turned  down  over  the  generator.  Three  examina- 
tions of  this  fruit  were  made,  the  counts  including  2,860  scales,  all 
of  which  were  found  to  be  dead.  The  fniit,  however,  was  more  or 
less  injured  and  scalded  as  described  for  1906^7. 

SX7HMABY  OF  BESITLTS. 

Strength-of-gas  series  (Table  III). — In  the  fumigation  of  fruit  loose 
in  baskets  all  scales  were  killed  with  strengths  of  potassium  cyanid 
at  rate  of  from  0.10  to  0.50  gram  per  cubic  foot,  and  exposed  forty- 
five  minutes.  Five  hundredths  of  a  gram  of  cyanid  per  cubic  foot 
was  not  entirely  effective.  No  injury  resulted  to  the  fruit  treated^ 
namely,  the  Baldwin. 

Lengfh'of -exposure  series  (Table  IV). — Baldwin  apples  loose  ia 
baskets  were  not  injured  by  the  use  of  potassium  cyanid  at  the  rate 
of  0.20  gram  per  cubic  foot  with  periods  of  exposure  ranging  from 
twenty  minutes  to  three  hours.  In  every  instance  the  scale  insects 
were  all  killed. 

Package  series y  1906-7  (Table  F). — Fumigation  of  fruit  in  barrels 
opened  in  various  ways  to  permit  access  of  gas  gave  apparently 
variable  results  as  to  effect  on  the  scales.  All  insects  were  not  with 
certainty  killed,  except  in  the  case  of  fruit  in  boxes,  wrapped  and  un- 
wrapped, and  in  barrels  in  which  each  head  had  been  perforated  with 
numerous  auger  holes.  Scales  on  apples  in  unopened  barrels  were 
not  killed  to  any  extent,  as  the  packages  were  too  tight  to  allow 
entrance  of  the  gas. 

Pa^Jcage  series j  1907-8  (Table  XII). — In  the  package  series  of  tests 
in  1907-8,  with  boxes,  fruit  wrapped  and  unwrapped,  and  with  barrels 
opened  in  various  ways,  using  potassium  cyanid  at  the  rate  of  0.3Q 
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gram  per  cubic  foot  and  with  exposures  of  one  hour,  three  hours,  and 
overnight,  all  scales  were  uniformly  killed.  The  holding  of  fruit  in 
a  warm  room  for  a  couple  of  days  previous  to  examination  resulted 
in  a  marked  discoloration  of  the  dead  insects,  leaving  no  doubt  as 
to  their  condition. 

Varieiy-of-fruit  series  (Table  VI). — ^Numerous  varieties  of  apples, 
including  the  principal  commercial  sorts,  fumigated  for  one  hour  and 
using  potassium  cyanid  at  the  rate  of  0.30  and  0.50  gram  per  cubic 
foot,  were  not  in  any  way  injured. 

Bhoder-IslandnGreening^njury  series  (Table  VII), — ^The  only  variety 
of  apple  used  in  the  tests  showing  gas  injury  was  the  Rhode  Island 
Greening  from  western  New  York.  Other  fruit  of  this  variety  of 
unknown  source  was  not  injured  by  an  excessive  strength  of  the  gas. 
No  strength  of  gas  or  period  of  exposures  was  determined  which  was 
not  injurious  to  western  New  York  Greenings.  Injury  was  more 
pronounced  on  fruit  subjected  to  a  long  exposure  than  when  a  heavier 
dose  and  shorter  exposure  were  given. 

Fumigatian  of  dry ,  moist,  and  wet  fruit  (Table  VI I  I). — Observations 
made  at  different  times  on  fruit  fumigated  in  a  dry,  moist,  and  wet 
condition  showed  that  its  condition  in  this  respect  was  immaterial. 
Apples  thoroughly  wet  by  applying  water  with  a  spray  pump  were 
not  in  the  least  injured,  and  all  scales  were  killed. 

Cold-storage  series  (Table  IX). — Fumigation  of  scale-infested  apples 
in  a  local  cold-storage  plant  with  the  temperature  30®  F.  showed  that 
adequate  diffusion  of  the  gas  occurred,  killing  all  of  the  scale  insects, 
and  without  injury  to  the  fruit. 

Mortality  of  scales  on  fruit  during  winter  (Tables  II  and  XT). — Data 
obtained  at  different  times  on  condition  of  scales  on  untreated  fruit 
for  comparison  with  their  condition  on  fumigated  fruit  showed,  as 
occurs  normally  out  of  doors,  that  the  very  young  and  old  scales  die, 
the  survivors  being  mostly  those  about  one-third  grown.  In  the  case 
of  fruit  held  in  storage  in  1907-8,  until  March  3,  only  about  9.5  per 
cent  of  scales  present  were  alive,  and  these  were  exclusively  about 
one-third  grown.  In  1906-7  the  percentage  of  live  scales  present  on 
Baldwin  apples,  on  the  12th  of  November,  55.90,  dropped  by  Decem- 
ber 3  to  30.20,  and  on  the  Rhode  Island  Greening  variety,  from 
30.20  per  cent  alive  on  same  date  to  one-tenth  of  1  per  cent  alive  by 
February  27 — practical  extermination. 

Oarbonrbisvlphid  series  (Table  X). — ^Treatment  of  scale-infested 
fruits  with  carbon  bisulphid  at  strengths  varying  from  0.069  to  1.81 
cubic  centimeters  per  cubic  foot  and  for  a  period  of  three  hours  failed 
to  kill  the  scales  to  any  extent.  No  injury  resulted  to  the  varieties 
of  fruit  used,  namely,  Baldwin  and  Rhode  Island  Greening. 
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CONCLUSIONS  AND  BECOMMENDATIONS. 

The  data  presented  point  out,  it  is  believed,  the  practicability  of 
destroying  the  San  Jose  scale  on  apples  and  suggests  the  desirability  of 
the  adoption  of  the  practice  of  fumigation  by  exporters  if  such  treat- 
ment will  result  in  the  acceptance  by  foreign  countries  of  fruit  so  treated. 
A  certificate  of  proper  fumigation  on  each  barrel,  box,  or  package 
should  constitute  a  sufficient  guaranty  that  any  scales  present  had 
been  killed.  It  is  considered  probable  that,  if  desirable,  fumigation 
could  be  practiced  in  the  case  of  numerous  fruits,  as  pears,  oranges, 
lemons,  etc.  In  fact,  the  writer  understands  that  it  has  been  the 
practice  of  the  California  state  board  of  horticulture  to  fumigate  such 
fruit  when  desirable  during  the  past  several  years. 

In  the  fumigation  of  apples  in  barrels  it  would  appear  sufficient 
to  remove  the  upper  head  only,  or  to  use  foi'  the  original  heading 
boards  with  numerous  J  or  1  inch  auger  holes — a  total  of  15  or  20 
at  each  end.  Fruit  packed  in  usual  commercial  boxes,  wrapped  or 
unwrapped,  would  need  no  special  preparation,  as  the  openings 
between  the  several  slats  would  allow  sufficient  gas  to  enter. 
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SYNOPSIS  OF  LAWS  AND  DECBEES  IN  FOBCE  IN  FOBEION 
COTJNTBIES  BEABINa  ON  THE  INTBODITCTION  OF  LIVE  PLANTS 
AND  FBESH  FBUITS. 

ARGENTINA. 

Plants  and  plant  products,  from  countries  where  there  exists  any  infection  which 
might  affect  the  agricultural  interests,  are  classed  as  doubtful,  and  as  such  are  sub- 
mitted to  treatment  and  disinfection,  as  the  authorities  may  prescribe.  Fruits  and 
vegetables  for  consumption  are  held  under  the  same  ruling.  These  restrictions 
are  applied  to  produce  from  countries  infested  with  the  San  Jos6  scale  and  the  Phyl- 
loxera.   (Regulation  of  1902,  Law  No.  4082.) 

AUSTRIA-HUNGARY. 

Prohibits  (decree  of  April  20,  1898)  importation  from  America  of  living  plants, 
grafts,  and  layers,  and  fresh  plant  refuse  of  every  kind,  as  well  as  the  barrels,  boxes, 
and  other  coverings  in  which  such  goods  or  refuse  may  be  packed,  and  fresh  fruit 
and  the  refuse  of  fresh  fruit,  as  well  as  the  packings  which  may  cover  the  same,  when 
examination  on  frontier  shall  prove  presence  of  San  Jose  scale.  Admission  limited  to 
Bodenbach-Tetschen,  Trieste,  and  Fiume.  Also  prohibits  transit  of  such  goods 
through  the  Empire.  The  Secretary  of  Agriculture  is  empowered  to  make  excep- 
tions.   (Regulations  still  in  force  March  9,  1909.) 

BELGIUM. 

Importation  and  transit  of  fresh  fruits,  living  plants,  and  fresh  parts  of  plants  sent 
from  the  United  States  can  take  place  only  by  ports  of  Antwerp,  Ghent,  and  Ostende, 
upon  production  of  a  certificate  from  competent  authority  attesting  that  products  are 
not  contaminated  by  San  Jose  scale.  If  not  accompanied  by  certificate,  products 
can  not  be  delivered  until  inspected,  and,  if  not  exempt,  must  be  destroyed  with 
packings;  cost  of  all  service  at  expense  of  importer.  Order  in  effect  March  15,  1899. 
Does  not  apply  to  shipments  in  direct  transit  by  railway  under  supervision  of  customs 
authorities.    (Decrees  still  in  force  Febniary  8,  1909.) 

BOLIVIA. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc.o 

BRITISH  COLUMBIA. 

The  importation  and  transit  of  fresh  fruits,  nursery  stock,  etc.,  found  to  be  infested 
with  injurious  insects  is  prohibited.  Fruit  infested  with  the  San  Jose  scale  is  not 
allowed  to  be  sold  or  offered  for  sale  in  the  Province.  Any  fruit  found  to  be  infested 
with  the  San  Jose  scale  or  other  dangerous  scale  insects  or  the  codling  moth  is  eithei 
condemned  and  destroyed  or  shipped  to  a  j)oint  without  the  Province.  Systematic 
inspection  of  imported  fruit  is  carried  on  at  the  port  of  entry.  Nursery  stock  found 
to  be  infested  is  disinfected  or  destroyed. 

oBy  "special  restrictions"  is  meant  those  which  relate  to  restriction  of  plants 
or  fruits  infested  with  injurious  insects.  No  reference  is  intended  to  customs  duties 
which  may  be  in  force. 

33 
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CANADA. 

Prohibits  (San  Joee  scale  act,  March  18,  1898)  importations  of  nursery  stock  from 
the  United  States,  Australia,  Japan,  and  Hawaii.  Stock  so  imported  to  be  destroyed. 
Importer  liable  to  penalty  prescribed  in  section  6,  customs  tariff  ($200  for  each  offense). 
There  are  exempted  (1)  greenhouse  plants,  including  roses  grown  under  glass;  (2) 
herbaceous  perennials;  (3)  herbaceous  bedding  plants;  (4)  all  conifers;  (5)  bulbs 
and  tubers. 

Amended  (Council  order  January  6, 1901)  to  permit  entry  of  nursery  stock,  if  fumi- 
gated, at  the  following  customs  ports,  between  the  dates  given;  Winnipeg,  Manitoba, 
and  St.  John,  New  Brunswick,  from  March  15  to  May  15  in  spring,  and  in  autumn 
from  October  7  to  December  7;  St.  Johns,  Quebec,  Niagara  Falls,  Ontario,  and  Wind- 
sor, Ontario,  from  March  15  to  May  15  in  spring,  and  in  autumn  from  September  26 
to  December  7,'  Vancouver,  British  Columbia,  from  October  1  to  May  1  of  the  fol- 
lowing year.  All  shipments  made  at  risk  of  consignees.  Dakota  cottonwood  admitted 
at  Brandon  and  Winnipeg,  Manitoba,  without  fumigation. 

While  the  act  provides  for  the  restriction  of  importation  of  fruits  infested  with  the 
San  Jose  scale,  this  provision  is  not  enfcnt^,  as  danger  from  this  source  is  considered 
negligible. 

CHILE. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

CHINA. 

Living  plants,  fresh  fruits,  etc.,  may  under  ordinary  conditions  be  impcnted  with- 
out special  restrictions.  Strict  r^^ations  covering  these  articles  with  the  establish- 
ment of  quarantine  may  be  issued  from  time  to  time  at  various  ports.  These  r^ula- 
tions  apply  to  localities  infested  with  cholera,  and  exceptions  are  provided  for  under 
certificate  from  medical  officers.  The  following  is  an  extract  from  the  Shanghai  quar- 
antine regulations  of  1906. 

Shanghai  Quarantine  Regulation,  1906. 
a.  from  ports  declared  infected. 

Frah  fruit. — If  accompanied  by  a  certificate  or  bill  of  health  from  the  medical  officer 
of  the  port  showing  that  no  cholera  is  present  in  the  district,  apples,  bananas,  citrons, 
grapes,  lemons,  liches,  loquats,  mangosteens,  mangoes,  olives,  oranges,  peaches, 
pears,  pineapples,  pomegranates,  pumeloes,  and  sugar  cane,  if  in  sound  condition  and 
cleanly  packed  as  cargo.  (Apricots,  cherries,  figs,  melons,  plums,  raspberries,  straw- 
berries, tomatoes,  and  thin-skinned  fruit  are  prohibited.) 

Vegetables. — Tubers,  roots,  bulbs,  and  bamboo  shoots,  if  cleanly  packed  as  cargo. 
(Celery,  lettuce,  endive,  and  other  leaf  vegetables  are  prohibited.) 

Plants  of  any  kind  to  which  earth  or  vegetable  mold  adheres.  Importation  not 
permitted. 


B.   FROM  PORTS  FROM  WHICH  THE  DECLARATION  OF  INFECTION  HAS  BEEN  REMOVED. 

Earth  and  mold. — If  adherent  to  plants  or  bulbs  in  small  quantities  and  cleanly 
packed,  importation  permitted  when  accompanied  by  certificate  from  Uie  medical 
officer  of  the  port  that  the  earth  and  mold  are  from  a  plague-free  district. 

COLOMBIA. 


There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh  fruits, 
etc. 
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CUBA. 

There  are  no  special  restrictioDB  affecting  the  unportation  of  fresh  fruits.  A  law 
promulgated  on  the  16th  of  July,  1906,  subjects  all  citrus  plants  from  other  countries 
to  a  strict  fumigation.  In  the  absence  of  facilities  for  this  fumigation,  the  governor 
decreed,  on  October  30,  1906,  as  a  temporary  measure  imtil  said  service  could  be 
established,  that  plants  from  Florida  be  admitted  if  they  come  accompanied  by  a 
certificate  of  an  official  entomologist  giiaranteeing  that  they  are  free  from  injurious 
insects.    (Regulation  still  in  force,  December  28,  1908.) 

DENMARK. 

Importation  of  potatoes  or  parts  thereof  from  North  America  is  prohibited.  (Decree 
of  January  28,  1876.) 

There  are  no  other  special  restrictions  affecting  the  importation  of  living  plants, 
fresh  fruits,  etc. 

FRANCE. 

Prohibits  (decree  of  November  30,  1898)  entry  into  and  passing  through  France  of 
trees,  shrubs,  products  of  nurseries,  all  nursery  cuttings,  and  all  other  plants  or  parts 
of  living  plants,  as  well  as  fresh  debris  from  them,  from  the  United  States,  as  well  as 
cases,  sacks,  etc.,  used  for  packing. 

Also,  prohibits  fresh  fruit  and  debris  when  examination  proves  presence  of  insects 
at  entry  into  France. 

This  decree,  according  to  the  minister  of  agriculture,  is  still  in  force.  (March  8, 
1909.) 

GERMANY. 

Prohibits  (decree  of  February  5,  1898)  the  importation  of  living  plants  and  parts  of 
living  plants  from  America,  and  barrels,  boxes,  etc.,  used  for  packing;  also  fresh  fruits 
or  fresh  parts  of  fruits,  when  examination  at  port  of  entry  shows  presence  of  San  Jose 
scale.    The  imperial  chancellor  is  authorized  to  grant  exceptions. 

Amended  (act  of  July  10,  1900)  by  annulling  the  regulation  providing  that  dried 
and  evaporated  fruits  from  the  United  States  be  inspected.  Such  fruits  are  now 
admitted  without  other  charge  than  customs  duty. 

By  decree  of  August  16,  1900,  the  restrictions  of  the  decree  of  February  6,  1898,  are 
made  applicable  to  Japan;  and  also,  by  decree  of  June  3,  1907,  to  Australia.  List  of 
places  at  the  boundary  where  plants  may  be  introduced  will  be  found  in  Circidar  No.  41 
of  the  Bureau  of  Entomology. 

GREECE. 

Seeds  of  all  description  and  bulbs  only  from  Holland  are  allowed  to  be  imported 
into  Greece.  The  importation  of  fresh  fruits,  except  from  the  island  of  Crete,  is  pro- 
hibited. 

GUATEMALA. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

HAITI. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

ITALY. 

Laws,  are  in  force  relative  to  importation  of  grapevines,  grape  cuttings,  etc.,  likely 
to  harbor  Phylloxera.  Other  classes  of  nursery  stock  and  fresh  fruit  are  apparently 
subject  only  to  customs  duty. 
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MEXICO. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

THE  NETHERLANDS. 

Prohibits  (San  Jose  scale  law  of  May  23,  1899)  the  importation  and  transit  from 
America,  direct  or  indirect,  of  all  kinds  of  living  trees  and  shrubs,  or  living  parts 
thereof,  including  boxes,  kegs,  barrels,  or  other  objects  which  serve  or  may  have 
served  for  packing. 

NICARAGUA. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

NORWAY. 

To  protect  against  American  gooseberry  mildew  {Sphxrotheca  mors-uvae)^  it  is  for- 
bidden to  import  gooseberry  plants  or  parts  thereof,  including  the  fresh  fruit. 

There  are  no  other  special  restrictions  as  affecting  importation  of  live  plants,  fresh 
fruits,  etc. 

PANAMA. 

There  are  no  special  restrictions  affecting  the  importation  of  live  plants  and  fresh 
fruits,  etc. 

PARAGUAY. 

There  are  no  special  regulations  in  force  affecting  the  importation  of  living  plants, 
fresh  fruits,  etc. 

PERSIA. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

RUSSIA. 

No  restriction  is  placed  on  the  importation  of  fruit  or  vegetables,  the  prohibition 
for  southwestern  Russia  (south  of  Radzivil  customs-house  to  the  Black  Sea)  having 
been  removed  (Collection  of  Laws  1901,  No.  82,  sec.  1767).  The  importation  of  living 
plants  and  parts  thereof  (excepting  vines  to  which  special  rules  apply)  is  allowed 
from  many  countries  of  Europe  and  the  Orient,  but  is  apparently  not  permitted 
from  America.     (Collection  of  Laws,  Vol.  VI,  edition  1904;  do.  No.  27,  act  322.) 

SAN  SALVADOR. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

SANTO  DOMINGO. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 

SIAM. 

There  are  no  special  restrictions  affecting  the  importation  of  living  plants,  fresh 
fruits,  etc. 
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SPAIN. 

The  Spanish  regulations  (International  Customs  Journal  No.  24,  Spain,  1906-7, 
p.  18,  etc.)  prohibit  importation  from  any  country  not  adhering  to  the  Antiphylloxera 
Convention  of  trees,  shrubs,  or  live  plants,  except  under  a  certificate  of  the  Spanish 
consul  at  point  of  origin  that  the  Phylloxera  does  not  exist  there,  and  that  the  said 
trees  have  come  straight  through  without  unpacking.  American  vines  may  be 
imported  into  Spanish  provinces  officially  declared  phylloxerated.  Live  plants  and 
fruits  from  the  United  States  may  not  be  imported  if  found  by  the  inspector  to  be 
infested  with  the  San  Jose  scale.  The  importation  of  potatoes  or  any  parts  thereof 
from  any  part  of  America  is  prohibited. 

SWEDEN. 

To  protect  against  American  gooseberry  mildew  {Sphxroiheca  mort-uvx)  it  is  for- 
forbidden  to  import  gooseberry  plants  or  fresh  fruits  of  same.  Otherwise  there  are  no 
special  restrictions  affecting  the  importation  of  living  plants,  fresh  fruits,  etc.  (Royal 
ordinances,  September  22, 1905;  September  14, 1906.) 

SWITZERLAND. 

Prohibits  plants;  fresh  fruits  may  be  imported  only  through  customs  bureau  at 
Basle,  where  they  are  subject  to  examination  by  an  expert  for  the  San  Jose  scale  or 
other  parasites.  There  are  no  restrictions  to  dfrect  importation  of  dried  fruits.  This 
inspection  provision  has  been  also  recently  applied  to  Australian  fruits  (February  15, 
1909). 

TURKEY. 

A  note  from  the  minister  of  foreign  affairs  to  the  United  States  minister  at  Constan- 
tinople, dated  October  18,  1899,  states  that  the  Imperial  Government  has  decided  to 
interdict  the  importation  of  trees,  plants,  and  fruits  coming  from  the  United  States. 
No  further  information  has  been  received. 

UNITED  KINGDOM. 

Live  plants,  fruits,  cuttings,  etc.,  may  be  imported  without  special  restriction 
except  as  below  mentioned.  Gooseberry  bushes  may  not  be  brought  into  Great 
Britain  except  from  the  Channel  Islands.  Currant  bushes  are  similarly  restricted 
except  under  license  from  board  of  agriculture  and  fisheri^.  Gooseberry  and  currant 
bushes  may  not  be  landed  in  Ireland  from  any  place  out  of  Ireland  without  license 
from  department  of  agriculture  and  technical  instructions  issued  only  to  cover  importa- 
tions for  experiments  in  propagating  new  varieties. 

liAWS  AND  BEaXJLATIONS  OF  THE  VABIOITS  STATES  OF  THE 
UNITED  STATES  BEABINQ  ON  THE  XNTBODITCTION,  TBANS- 
POBTATION  AND  SALE  OF  FBESH  FBXTITS  INFESTED  WITH 
THE  SAN  JOSE  SCALE  OB  OTHEB  INJTTBIOITS  INSECTS,  a 

A  recent  inquiry  (May  29,  1909)  as  to  the  provisions  of  the  various  State  crop  pest 
laws  relative  to  the  introduction,  sale,  or  shipment  of  fruit  infested  with  the  San  Jose 
scale  shows  much  lack  of  uniformity  in  this  regard.  While  most  of  the  States  now 
have  in  effect  laws  restricting  the  distribution  of  nursery  stock  infested  with  injurious 
insects  or  diseases,  these  do  not  apply  to  fruit,  except  in  a  few  States.  In  several  of 
the  States,  however,  the  laws  give  authority  for  action  as  to  infested  fruit,  but  this 
provision  is  not  always  enforced. 

o  The  full  text  of  these  laws  will  be  found  in  Bulletin  61  of  this  Bureau. 
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The  following  States  have  no  restrictionB  affecting  the  introduction  or  shipment  <^ 
scale-infested  fruits:  Arkansas,  Connecticut,  Delaware,  Florida,  Geoigia,  Illinois, 
Indiana,  Iowa,  Kansas,  Kentucky,  Louisiana,  Maryland,  Massachusetts,  MisBissippi, 
Minnesota,  Miasouri,  Montana,  New  Hampshire,  New  Jersey,  New  York,  North  Caro- 
lina, Ohio,  Pennsylvania,  Rhode  Island,  South  Carolina,  Tennessee,  Texas,  Virginia, 
West  Virginia,  and  Wisconsin. 

Strict  regulations  are  in  force  in  regard  to  infested  fruits  as  well  as  nursery  stock  in 
the  following  States: 

CALIFORNIA. 

Under  the  horticultural  laws  of  California,  the  state  board  of  horticulture  is  empow- 
ered to  fumigate  and  hold  all  shipments  of  fruit  infested  with  the  San  Joee  scale  until 
the  insects  are  dead.  The  fruit,  however,  can  not  be  destroyed,  as  this  pest  already 
exists  in  the  State. 

Shipments  going  into  counties  of  California  are  subject  to  the  ordinances  of  the 
county,  and  may  be  destroyed  according  to  county  regulations.  Shipments  from  one 
county  to  another  in  the  State  are  treated  in  the  same  manner. 

COLORADO. 

The  law  empowers  the  destruction  of  any  fruit  or  nursery  stock  coming  into  the 
State  which  has  upon  it  the  living  San  Jose  scale.  The  consignor  has  the  privilege  of 
reshipping  the  infested  fruit  or  nursery  stock  out  of  the  State. 

IDAHO. 

Idaho  specifically  prohibits  the  importation  and  shipment  of  fruit  infested  with  the 
San  Jose  scale.  Fruit  bearing  the  marks  of  infestation  is  not  permitted  to  be  sold  in 
the  State  except  for  purposes  of  manufacturing  by-products. 

IOWA. 

While  there  is  no  warrant  to  exclude  introduction  into  the  State  of  fruit  infested 
with  the  San  Joee  scale,  it  is  not  permitted  to  ship  fruit  from  orchards  in  the  State 
known  to  be  infested  with  the  insect. 

MONTANA. 

The  Montana  horticultiu^  laws  provide  that  all  deciduous  and  other  fruit  infested 
with  the  San  Jose  scale,  from  any  State,  shall  be  destroyed  by  burning  or  otherwise, 
which  also  applies  to  fruit  from  within  the  State. 

OKLAHOMA. 

The  Oklahoma  law  provides  that  fruit  or  other  articles  of  conmierce,  as  nursery  stock, 
found  infested  with  the  San  Jose  scale  shall  be  placed  under  quarantine  and  by  prac- 
tical methods  the  insect  destroyed  or  eradicated.  The  regulations  as  to  importation 
from  other  States,  however,  relate  only  to  nursery  stock. 

OREGON. 

The  Oregon  law  declares  that  the  offering  for  sale  of  fruit  infested  with  the  San  Joee 
scale  constitutes  a  public  nuisance.  Upon  the  finding  of  infested  fruit,  by  the  county 
inspector,  the  party  having  same  for  sale  is  promptly  notified  to  destroy  the  insects  by 
drenching  with  kerosene  oil  or  to  destroy  the  fruit.  In  case  of  failure,  this  work  is 
attended  to  by  the  county  inspector,  or  in  case  of  large  shipments  in  P<vtland  the 
fruit  is  destroyed  at  the  crematory. 
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Infested  fruit  shipped  into  the  State  and  discovered  before  it  is  offered  for  sale  may 
be  returned  to  the  consignor  if  he  so  requests.  There  is  also  in  operation  a  law  making 
it  a  misdemeanor  to  offer  for  sale,  to  pack  for  sale,  or  to  deliver  to  a  transportation  com- 
pany for  shipment,  infested  fruit,  but  this  law  is  held  in  abeyance  except  in  extreme 
cases. 

UTAH. 

The  Utah  law  prohibits  the  possession  or  sale  of  fruit  infested  with  the  San  Jose  or 
other  scale  insects,  and  the  larva)  of  the  codling  moth.  Shipments  of  scale-infested 
fruit  are  destroyed  by  burning,  or  are  saturated  with  kerosene. 

WASHINGTON. 

The  Washington  law  requires  the  treatment  of  all  infested  nursery  stock,  regardless 
of  origin.  The  shipper  or  consignee  is  allowed  to  treat  for  the  San  Joi^e  scale  by  dipping 
in  strong  solution  of  lime-sulphur  wash  or  by  fumigation  with  hydrocyanic-acid  gas, 
under  the  direction  of  an  official  inspector.  Fruits  are  allowed  to  be  treated  in  the  same 
manner.  Apples  and  pears  infested  with  the  codling  moth  are  destroyed  and  are  not 
permitted  to  be  offered  for  sale  in  the  marketa. 
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PREFACE 


This  publication  includes  a  number  of  articles  relative  to  insects 
attacking  grain  and  forage  crops.  Although  numbered  consecu- 
tively, each  paper  is  complete  in  itself,  and,  with  a  single  exception, 
the  species  discussed  have  each  been  followed  through  their  entire 
life  cycle  from  egg  to  adult;  the  exception  being  Part  VI,  which  is  a 
contribution  to  a  knowledge  of  the  com  root-aphis,  Apliis  maidir 
radicis. 

In  Parts  I  to  V  and  VII  the  species  had  not  previously  been  care- 
fully and  exhaustively  studied,  and  hence  the  information  given  is 
almost  entirely  new  and  original.  In  Part  VIII,  beside  the  inclusion 
of  much  new  matter,  previous  errors  are  corrected  and  our  knowledge 
of  the  cowpea  curculio,  Chalcodermus  seneus,  is  practically  completed. 

While  only  two  of  the  eight  papers  included  in  this  bulletin  relate 
to  grain-affecting  insects,  this  does  not  imply  that  greater  stress  is 
being  placed  on  the  investigation  of  forage  insects.  The  two  papers 
referred  to  happen  to  be  pieces  of  work  that  were  completed  in  time 
to  include  them  in  this  publication.  Of  eight  papers  now  reaching 
completion,  which  will  be  included  in  a  similar  publication  in  the 
near  future,  all  but  one  relate  to  insects  attacking  growing  grains. 

F.  M.  Webster, 
In  Charge  of  Cereal  and  Forage  Insect  Investigations. 
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tive  as  well.  The  eflfect  of  this  fungus  will,  however,  probably  be  suf- 
ficient to  hold  it  in  check,  as  it  does  its  larger  relative,  Ph/tonomus 
pundaius. 

FOOD  PLANTS. 

Dr.  James  Fletcher  found  this  weevil  attacking  red  clover  (Tri- 
folium  pratense)  and  mammoth  clover  (T.  medium)  about  Ottawa, 
Canada.  Mr.  Wildermuth  observed  the  adults  feeding  on  the  leaves 
of  alfalfa  (Medicago  8ativa)f  crimson  clover  (T.  incamatum),  white 
clover  (T.  repens),  and  alsike  clover  {T.  hybridum)  in  the  vicinity  of 
Washington,  D.  C. 
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THE  SORGHUM  Mn)GE. 

(Contarinia  [Diplosis]  sorghicola  Coq.) 

By  W.  Harper  Dean, 

Agent  and  Expert. 
nTTBODUCTION. 

Sweet  sorghum,  aside  from  its  use  in  making  molasses,  ranks  as 
one  of  the  most  important  forage  crops  grown  in  the  United  States. 
It  is  highly  prized  as  a  green  food  for  cattle  and  horses  and  is  well 
adapted  to  entering  the  composition  of  silage.  Several  crops  are 
produced  during  the  season,  the  last  fall  crop  generally  being  cured 
as  a  dry  winter  fodder.  In  Louisiana  and  Texas,  while  this  crop 
is  grown  practically  over  the  entire  States,  no  large  areas  are  culti- 
vated, but  it  is  found  in  small,  isolated  blocks  ranging  in  extent 
from  one-fourth  acre  upward. 

In  parts  of  a  great  many  sorghum-growing  States  the  seed  do  not 
mature  a  profitable  crop,  and  while  this  may  be  attributed,  and 
rightly,  too,  to  a  number  of  causes,  it  is  safe  to  say  that  in  the  majority 
of  cases  the  sorghum  midge,  Contarinia  sorghicola  Coq.  (figs.  24, 25), 
is  directly  responsible  for  the  damage  to  the  seed. 

Such  destructive  agencies  as  various  pathological  diseases,  the 
English  sparrow,  the  moth  Nigetia  sorghieTUij  and  the  rice  weevil 
[Calandra  oryza  L.)  all  help  to  curtail  the  number  of  sound,  mature 
;eed  produced,  but  by  far  the  most  destructive  agency  that  has  been 
observed  by  the  writer  is  this  minute  fly,  the  midge,  which  breeds 
n  swarms  from  the  time  the  first  heads  have  bloomed  until  the  last 
lave  been  kiUed  by  cold. 

An  examination  of  damaged  seed  in  sections  where  the  midge  is 
nown  to  occur  will  reveal  the  minute  larv®  of  this  fly  lying  close 
longside  the  ovary,  which  is  blackened  and  shriveled  (fig.  20,  6), 
jhile  the  ovary  in  healthy  mature  seed  is  plump  and  white  (fig.  20,  c). 
^  ijiiry  by  the  English  sparrow  can  be  readily  distinguished  upon 
taopination  from  injury  by  other  agents.    Such  heads  have  a  shat- 
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tered,  frayed  appearance,  resulting  from  the  seed  being  torn  from 
the  outer  glumes  (fig.  20,  a),  while  those  seed  injured  by  the  midge 
have  a  dark,  flattened  appearance  (fig.  20,  6),  and  minute  pink  and 
white  larvflB  can  be  seen,  sometimes  as  many  as  six  of  them,  lying 
close  alongside  the  ovary.  These  are  the  larvae  of  the  sorghum 
midge. 

HISTOBY  OF  THE  SOBGHUM  laDGE  IN  AMEBICA. 

The  earliest  reference  to  the  sorghum  midge  occurs  in  1895  in  a  report 
by  Mr.  D.  W.  Coquillett,  of  the  Bureau  of  Entomology,  United 


Fig.  20.— a,  Sorghum  head  partly  destroyed  by  English  sparrows;  b,  sorghum  head  in- 
fested by  the  sorghum  midge  {Contarinia  »orghicola),  showing  characteristio  flattened 
appearance  of  spikelet;  c,  sorghum  head  with  matured  healthy  seed.    (Original.) 

States  Department  of  Agriculture,  in  which  he  described  the  apj>ear- 
ance  of  several  heads  of  sweet  sorghum  received  from  Dillburg  and 
Montgomery,  Ala.  These  heads  contained  a  large  number  of  seed 
which  had  failed  to  mature  and  which  had  apparently  been  destroyed 
by  the  larv®  of  some  species  of  Cecidomyiidae.  However,  only  the 
empty  pupal  skins  attached  to  the  spikelets  of  the  seed  were  present, 
so  no  clue  to  the  identity  of  the  species  was  given.     This  note  was 
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This  note  was  made  October  2,  1895,  and  nothing  further  was  heard 
from  this  insect  until  September  26,  1898,  when  Mr.  Coquillett 
received  a  second  lot  of  seed-heads  from  College  Station,  Tex.  The 
latter  contained  the  larvae  of  this  insect,  as  well  as  a  large  number 
of  the  flies  themselves.  Mr.  Coquillett  decided  that  these  belonged 
to  an  undescribed  species,  and  forthwith  he  published  the  first  tech- 
nical description  of  the  midge  under  the  name  Diplosis  sorghicola, 
new  species.** 

In  a  special  article  in  Science,  published  January  17,  1908,  Prof. 
Carleton  R.  Ball,  of  the  Bureau  of  Plant  Industry,  United  States 
Department  of  Agriculture,  discussed  his  experiments  with  the 
midge  in  Louisiana  and  Texas  during  the  spring  of  1907.  These 
experiments  resulted  from  an  investigation  of  the  causes  of  sterility 
of  sorghum  seed. 

Working  under  the  direction  of  Prof.  Wilmon  Newell,  of  the 
State  Crop  Pest  Commission  of  Louisiana,  Mr.  R.  C.  Treheme  con- 
ducted a  systematic  investigation  of  the  midge  during  the  spring 
and  summer  of  1908,  and  later  published  a  brief  summary  of  the 
results  obtained.'* 

Prof.  Glenn  W.  Herrick,  entomologist  at  College  Station,  Tex., 
contributed  to  the  information  on  this  insect  in  an  article  pub- 
lished in  Entomological  News.*' 

At  the  time  when  oflBcial  recognition  was  taken  of  the  importance 
of  this  insect  by  the  Bureau  of  Entomology,  Prof.  F.  M.  Webster, 
under  whose  department  this  investigation  fell,  was  unable  to  begin 
the  work  through  lack  of  available  field  assistants.  In  order  that 
no  time  should  be  lost  in  making  this  beginning,  however,  Professor 
Webster  arranged  with  Prof.  Wilmon  Newell,  of  the  State  Crop 
Pest  Commission  of  Louisiana,  to  pursue  a  cooperative  investigation 
until  such  time  as  he  could  relieve  him  of  the  bulk  of  the  work. 
Accordingly,  Professor  Newell  assigned  one  of  his  assistants,  Mr. 
R.  C.  Treheme,  to  the  work,  which  was  systematically  conducted 
during  the  spring  and  part  of  the  summer  of  1908  until  the  writer 
was  assigned  the  problem  under  the  direction  of  Professor  Webster. 
On  July  25,  1908,  Mr.  Treheme  discontinued  the  work  and  at  that 
point  it  was  taken  up  by  the  writer  at  Baton  Rouge,  La. 

Professor  Newell  kindly  allowed  the  writer  unlimited  access 
to  his  most  complete  laboratory  and  offices,  and  these  were  used 
as  headquarters  during  the  Louisiana  investigation.  In  many 
other  ways,  too  numerous  to  mention,  he  contributed  to  the  progress 
of  the  work.     It  is  therefore  evident  that  but  for  this  hearty  coopera- 

a  Bui.  18,  n.  s.,  Div.  Ent.,  U.  S.  Dept.  Agr.,  p.  82,  1898. 

b  Thirty-ninth  Annual  Report  of  the  Entomological  Society  of  Ontario,  1908. 

c  Entomological  News,  vol.  20,  No.  3,  pp.  116-118,  pi.  7,  Mar.,  1909. 
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tion  of  Professor  Newell  the  investigation  of  the  sorghum  midge 
by  the  Bureau  of  Entomology  would  have  been  much  delayed. 

Acknowledgment  is  due  Prof.  C.  S.  Scofield,  of  the  Bureau  of 
Plant  Industry,  who  rendered  valuable  assistance  to  the  inyestigation 
in  Texas  by  placing  the  experiment  farm  near  San  Antonio,  Tex., 
at  the  service  of  the  writer  for  growing  varieties  of  sorghum  used 
in  the  experiments. 

During  1908,  in  Louisiana,  and  1909,  in  Texas,  the  investigation 
was  continued,  and  the  results  constitute  the  basis  for  this  report. 

DISTKIBT7TION. 

The  distribution  of  the  sorghum  midge  in  the  United  States,  as  given 
under  this  chapter,  doe^  not  necessarily  include  all  infested  territory. 


Fig.  21.— Base  map  showing  present  distilbution  of  the  sorghum  midge. 

ties.    (Orighial.) 


Dots  indicate  Infested  locali 


Through  examinations  made  in  person  in  the  fields  or  through  the 
actual  rearing  of  the  midge  from  heads  received  from  various  sections, 
these  data  have  been  collected  and  will  of  course  be  added  to  from 
time  to  time.  The  sorghum  midge  is  not  known  to  exist  west  of  the 
one  hundredth  meridian,  and  its  extreme  southern  point  of  distribu- 
tion in  the  United  States  is  BrownsviUe,  Tex.  The  accompanying 
map  (fig.  21)  shows  the  general  distribution  as  known  at  this  writing. 

INVESTIGATIONS  CABBIED  ON  IN  LOTHSIANA  AND  TEXAS  DTTRIKQ 

1908  AND  1909. 

During  the  years  1908  and  1909  the  writer  pursued  the  investiga- 
tion of  the  sorghum  midge  in  Louisiana  and  Texas.  ThiBse  investi- 
gations were  in  the  main  confined  to  the  field,  although  certain  labora- 
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tory  methods  were  employed  to  get  at  the  more  obscure  phases  of  the 
problem. 

In  Louisiana  it  was  found  that,  owing  to  the  excessive  humidity, 
infested  sorghum  heads  when  brought  into  the  laboratory  from  the 
field  almost  invariably  molded  and  rotted  before  observations  upon 
the  emergence  of  the  adults  could  be  made,  and»  furthermore,  such 
conditions  would  not  yield  true 
results.  For  this  reason,  then — 
and  the  same  appUes  to  Texas — 
all  records  of  life  history  were 
made  in  the  field  upon  growing 
heads  and  subject  to  absolutely 
normal  conditions. 

In  brief,  the  method  employed 
in  the  study  of  the  various  forms 
of  the  midge  was  to  select  a  num- 
ber of  sorghum  stalks  in  the  field 
whose  seed  heads  had  not  broken 
the  boot  or  protecting  sheath 
and  which  were  therefore  not  in- 
fested by  the  midge.  Over  these 
unbroken  heads  were  placed 
waterproof  paper  bags,  the  bot- 
toms of  which  were  gathered 
securely  about  the  stalks  well 
below  the  head  and  securely  tied 
with  string,  to  which  tags  were  at- 
tached. These  bags  were  allowed 
to  remain  over  the  unopened 
heads  until  by  observation  the 
latter  had  broken  the  sheath 
and  the  seed  were  in  a  condition 
to  receive  an  infestation  by  the 
midge.  Then  they  were  removed 
from  the  heads,  and  these  were 
watched  until  females  were  actu- 
ally seen  to  oviposit  within  the 
seed  glumes.  When  the  natural 
infestation  was  well  under  way  a 
note  was  made  upon  the  small  tag  attached  to  the  stalk  below 
the  head,  giving  the  date  and  the  hour  of  the  first  egg  deposition. 
(See  fig.  22.) 

At  various  times  these  seed  heads  were  cut  and  dissected  in  the 
laboratory  and  the  oldest  form  of  the  midge  found  therein  recorded, 
32176— Bull.  85.  pt  4—10 2 


Fio.  22.— Growing  sorghum  head,  bagged  and  tagged 
after  natural  infestation  by  the  sorghum  midge. 
This  method  Is  also  practical  for  protecting  seed  in 
the  field  from  damage  by  the  midge.    (Original.) 
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which  gave  accurate  data  upon  the  tmie  required  for  the  various 
stages  in  the  life  cycle. 

It  is  a  matter  of  regret  that  this  system  was  not  discovered  during 
the  work  in  Louisiana,  only  one  similar  method  being  employed. 
This  consisted  in  suspending  a  breeding  cage  from  a  small  scaflPoki 
over  the  growing  head  and  artificially  introducing  the  adult  midges 
from  a  bell  jar.     (See  fig.  23.) 

In  Louisiana  great  difficulty  in  these  life-history  studies  arose  from 
the  depredations  of  the  Argentine  ant  (Iridomyrmfx  humilis  Mayr). 


Fig.  23.— Breeding  cage  suspended  over  growing  sorghum.  Three  sides  of  the 
cage  are  covered  with  cheese  cloth;  the  fourth  is  fitted  with  movable  glass. 
With  this  arrangement  artificial  breeding  of  the  sorghum  midge  can  be 
observed  under  absolutely  natural  conditions.    (Original.) 

These  ants  repeatedly  gained  access  to  breeding  cages  in  the  labora- 
tory and  destroyed  the  resuhs  by  extracting  the  midge  pupa?  from 
the  apex  of  the  spikelet  just  prior  to  emergence,  and  also  by  capturing 
the  aduhs  which  had  succeeded  in  emerging. 

HOST  PLANTS. 

In  addition  to  the  many  varieties  of  sweet  sorghum,  the  sorghum 
midge  is  known  to  infest  broomcorn,  kafir,  Johnson  grass,  and  niilo. 
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In  one  instance  the  writer  reared  a  single  adult  from  the  common 
foxtail  grass  (Setaria  glaucaY  and  Mr.  George  G.  Ainslie  has  also 
reared  the  midge  from  the  grass  Sieglingia  seslerioides.^ 

In  the  investigation  of  this  problem  many  varieties  of  sweet  sor- 
ghum were  observed  in  their  relation  to  infestation,  among  which 
are  Early  Amber,  Gooseneck,  Sapling,  and  Sumac,  with  some  mem- 
bers of  the  durra  group ;  and  while  there  is  some  diflFerence  in  the 
degree  of  infestation  of  these  varieties  it  has  not  been  observed  to 
be  sufficiently  great  to  merit  the  recommendation  of  any  of  them  as 


Fig.  24.— The  sorghum  midge  ( CorUarinia  sorghicola):  a ,  Adult  male;  b,  antenna 
joints  of  same;  c,  head,  frontal  view,  a,  Greatly  enlarged;  b,  c,  highly  mag- 
nified.   (Original.) 

resistant  varieties — all  being  infested  to  such  an  extent  that  they 
would  have  failed  to  produce  a  profitable  crop  of  seed. 

DESCBIPTIONS. 

THE    ADULT. 

The  following  is  the  original  description  of  the   species  by  Mr. 

Coquillett: 

Antennae  of  the  male  as  long  as,  of  the  female  almost  one-half  as  long  as,  the  body, 
in  both  sexes  composed  of  14  joints;  joints  3  to  14  in  the  female  each  slightly  con- 
stricted in  the  middle,  each  except  the  last  one  greatly  constricted  at  the  apex  into 


« Baton  Rouge,  La.,  September  14,  1908. 

frClemson,  S.  C,  August  15,  August  31,  November  3,  and  September  8,  1908. 
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a  short  petiole,  a  few  bristly  hairs  not  arranged  in  whorls  scattered  over  each  joint; 
in  the  male,  joints  3  to  14  are  each  greatly  constricted,  slightly  before  the  middle, 
and  again  at  the  apex  except  in  the  case  of  the  last  joint,  the  constricted  portioDs 
are  as  long  as  the  thickening  at  the  base  of  each  joint;  each  of  the  thickened  por- 
tions bears  a  whorl  of  bristly  hairs.  In  the  living  insect  the  head,  including  the  palpi, 
ij  yellow,  antennae  and  legs  brown,  thorax  orange  red,  the  center  of  the  mesonotum 
and  a  spot  crossing  the  pleura  and  enlaiging  on  the  sternum  black,  abdomen  orange  red, 
wings  grayish  hyaline.  The  first  vein  reaches  the  costa  noticeably  before  the  middle 
of  the  wing;  third  vein  nearly  straight,  ending  slightly  below  the  extreme  tip  of  the 
wing,  the  basal  portion  of  this  vein,  where  it  joins  the  first  vein,  distinct;  fifth  vein 
forked  slightly  before  the  middle  of  the  wing,  its  anterior  fork  ending  nearly  mid- 
way between  the  tip  of  the  pos- 
terior fork  and  the  apex  of  the 
third  vein .    Length  nearly  2  mm 

The  male  (fig.  24,  a),  as 
indicated  in  Mr.  Coquil- 
lett's  description,  is  pro- 
vided with  antennse  which 
exceed  in  length  those  of 
the  female  and  which  differ 
greatly  in  the  structure  of 
their  joints,  while  on  the 
wing  the  former  charac- 
teristic serves  to  distin- 
guish the  sexes;  also,  the 
movements  of  the  male  are 
much  quicker  than  those 
of  the  female. 

The  female  (fig.  25,  a)  to 
superficial  examination,  at 
rest  or  on  the  wing,  appears 
more  robust  than  the  male 
and  at  the  same  time  her 
movements  are  much  more 
deliberate  and  slow.  She 
is  provided  with  a  delicate 
hairlike  ovipositor,  capable  of  great  extension  during  the  process  of 
oviposition.  Often  its  length  exceeds  that  of  the  entire  body.  The 
following  measurements  of  average  male  and  female  midges  serve  to 
illustrate  the  comparative  dimensions  of  the  two  sexes: 

Table  I. — Comparative  ineasureinents  of  males  and  females  of  the  sorghum  midge 
( Contarinia  sorghicola ) . 


Fig.  25.— The  sorghum  midge:  a,  Adult  female,  dorsal  view; 
b,  antemial  joints  of  same;  c,  eggs;  d,  fully  developed  larva 
as  found  in  cocoon,  showing  characteristic  cecidomylld 
"breastbone";  e,  lana  in  eariy  stage;  /,  pupa,  o,  d,e,f, 
Greatly  enlarged;  6,  c,  highly  magnified.    (Original.) 


Measurpmenl. 


Adult 
female. 


Adult  male. 


Measurement. 


Length  of  body  (antennae 

excluded ) 

Length  of  ant«»nna» 

Length  of  ovipositor 

Total  length 


Mitli-  Milli- 
meters. ,      meters .     < 

1.78  1.22      Width  of  thorax. 

.843  1.05      I^ength  of  wing.. 

l.(>4     1    Wing  expanse. .. 

4.30  2.27 


Adult 
female. 

Adult  male. 

MUU- 

Mim- 

meters. 

metrrs. 

0.45 

0.27 

1.87 

.85 

4.19 

.     l.»8 
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The  above  measurements  are  taken  from  average-sized  adults 
and,  while  these  latter  vary  considerably,  especially  in  the  male,*  the 
measurements  given  represent  with  a  fair  degree  of  accuracy  the 
average  comparisons  between  the  two  sexes. 

THE    EGG. 

(Fig.  25,  c.) 

The  egg  is  a  delicate,  elongated,  cylindrical  structure.  One  end 
tapers  to  a  fine  hairlike  point,  which  before  oviposition  is  often  twice 
the  length  of  the  egg  proper.  The  color  is  pale  pink  or  yellow. 
This  tapering  end  of  the  egg  appears  to  be  a  special  construction, 
the  purpose  of  which  is,  at  this  writing,  imknown.  The  end  of 
the  egg  proper  is  capped  with  a  ferrule-like  appendage  from  which, 
in  gradually  diminishing  diameter,  this  projection  extends.  This 
appendage  is  not  dissolved  in  xylol,  alcohol,  or  any  fluid  in  which 
the  egg  proper  is  dissolved,  and  does  not  appear  to  be  the  same 
material  as  eggshell.  When  examined  within  the  abdomen  of 
the  female,  the  eggs  are  found  in  an  imbroken  chain  of  groups  of 
three  or  four,  the  threadlike  appendages  projecting  toward  the 
distal  end  of  the  ovipositor  and  apparently  loosely  joined  at  their 
extremities,  so  that  the  appearance  suggests  small  bunches  of  eggs 
attached  to  a  common  point  by  the  ends  of  their  delicate  append- 
ages. When  laid,  the  appendage  gradually  shrivels  and  dries  until 
it  contracts  to  a  third  of  its  original  length  or  less.  The  egg  is 
about  0.15  mm.  in  length. 

THE    LARVA. 

(Fig.  25,  d,e.)      ' 

The  newly  hatched  larva  closely  resembles  the  ^gg  in  appear- 
ance, it  often  being  difiicult  to  determine  just  when  the  egg  stage 
ceases  and  the  larval  stage  begins.  In  color  the  newly  hatched 
larva  runs  between  a  pale  yellow  and  a  pale  pink.  It  is  uniformly 
broad  throughout  the  entire  body  length.  As  growth  continues 
the  color  changes  from  a  pale  pink  to  pink,  then  red,  and  when  full 
grown  it  is  often  deep  red.  The  body  to  superficial  examination 
appears  uniformly  cylindrical,  but  under  the  microscope  is  seen 
to  taper  perceptibly  at  the  head  and  posterior  extremity.  Only 
after  the  last  molt  can  the  characteristic  cecidomyiid  '' breastbone '^ 
(fig.  25,  d)  be  distinguished. 

Repeated  measurements  of  larvae  in  different  stages  of  growth 
give  uniformly  regular  figures.  Table  II  gives  the  measurements  of 
a  number  of  larvte  taken  from  seed  at  different  stages  of  growth 
from  newly  hatched  to  full  grown. 
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Table  II. — Measurements  of  lanx  of  the  sorghum  midge. 


LwvaNo.- 

henglh. 

Man- 

mHtrt. 
0. 15 
.1804 
.28 
..   1            .329 
.493 
.573 

Bmdtb. 

Larva  No.- 

Lcngth. 

Breadth. 

1 

MiUi- 
nuUrt. 
a  075 
.082 
.082 
.12 
.141 
.25 

mm- 

mfter$. 
0.6 
.89 
.903 
1.0 
1.5 

Mitti- 
m€tert. 
0.3 

? 

18... 

.36 

3.. 
4.. 

5 

9... 
10.. 
11.. 

.35 

.492 

.5 

«... 

While  the  above  examinations  do  not  refer  to  larvae  of  the  same 

generation,   they  serve  to  illustrate  the  gradual  growth  from  the 

time  of  hatching  until  just  before  transformation  into  pupse.     These 

figures  can  safely  be  taken  as  representative  of  the  measurements 

of  a  single  larva  from  date  of  hatching  until 

full  grown.     In  this  instance  the  larval  stage 

covers  eleven  days. 

THE   PUPA. 


(Fig.  25,/.) 

When  newly  formed  the  pupa  is  uniformly 
deep  red  in  color,  while  just  before  emergence 
of  the  adult  the  head  and  appendages  turn 
dark  and  finally  black,  while  the  abdomen 
remains  a  deep  red.  There  is  often  a  delicate 
cocoon  surrounding  the  pupa  before  the  latter 
has  worked  its  way  to  the  apex  of  the  seed  for  the  emergence 
of  the  adult.  It  is  evident  that  such  are  found  upon  those  pupae 
derived  from  '^cocooned  larvae."  This  thin  covering  is  very  loosely 
attached  to  the  pupa  and  has  never  been  found  by  the  writer  after 
the  pupa  has  left  its  initial  position  alongside  the  ovary. 


Fig.  26.— The  sorghum  midge: 
"Cocooned  larvse,"  the  hi- 
bernating form  of  the  midge. 
Much  enlarged.    (Original.) 


THE    "CX>COONED   LARVA. 


(Fig.  26.) 


The  ^* cocooned  larva''  is  closely  allied  in  structure  and  function  to 
the  "  flaxseed  "  of  the  Hessian  fly.  The  delicate  envelope  is  somewhat 
elliptical  in  shape,  quite  flat,  and  of  a  muddy-brown  color.  It  is  found 
close  against  the  ovary  itself  within  the  delicate  palet.  Examined 
through  the  microscope  the  envelope  is  semitransparent,  containing 
a  larva  about  two-thirds  grown  and  surrounded  by  a  clear  proto- 
plasmic fluid.  In  this  form  the  segmentation  of  the  larvae  is  dis- 
cernible, yet  the  structures  seem  faintly  outlined  and  embryonic 
in  contrast  to  the  naked  normal  larva.  The  function  of  the  "co- 
cooned larva''  is  to  perpetuate  the  species  over  wnnter  and  is  the 
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true  hibernating  form  from  which  the  spring  -pupae  are  derived. 
These  enveloped  larvae  also  appear  greatly  flattened  and  are  ex- 
tremely thin  and  deUcate  in  structure.  In  addition  they  are  them- 
selves semitransparent,  the  protoplasmic  contents  being  visibly 
granular. 

LIFE  HISTOBY  AND  HABITS. 

EMERGENCE. 

Emergence  of  the  adults  takes  place  as  a  rule  during  the  early 
morning  hours  during  the  warmest  weather,  and  later,  when  the 
weather  turns  cool,  later  in  the  morning  and  continuing  well  into  the 
day.  While  there  is  almost  a  continual  emergence  in  the  field  from 
early  morning  until  late  in  the  afternoon,  the  bulk  of  emergence  occurs 
as  stated,  varying  with  the  change  of  season. 

The  pupa,  having  worked  its  way  from  the  initial  position  along- 
side the  ovary  to  the  apex  of  the  seed,  protrudes  about  two-thirds  of 
its  length.  The  operation  of  casting  off  the  pupal  skin  begins  almost 
immediately.  The  abdomen  is  seen  to  twist  with  a  backward  and 
forward  motion,  the  head  and  thorax  likewise  performing  the  same 
motions  until  the  pupal  skin  is  gradually  split  open  its  entire  length, 
along  the  dorsum  or  venter,  and  sometimes  both.  The  skin  does  not 
necessarily  part  in  a  well-defined  line  on  either  the  dorsal  or  ventral 
surface,  but  is  often  torn  raggedly  over  its  entire  surface.  The  head 
of  the  adult  is  gradually  thrust  through  the  opening,  and  then  finally 
the  entire  body.  The  legs  assist  materially  in  this  operation  by  push- 
ing back  the  clinging  pupal  skin  free  from  the  body.  When  free, 
the  adult  is  very  moist  and  weak  and  clings  to  the  outer  glumes  for 
about  ten  minutes  before  it  has  become  sufficiently  strong  and  the 
wings  have  dried  so  as  to  permit  flight.  About  fifteen  minutes  elapses 
from  the  time  the  adult  begins  to  free  itself  from  the  pupal  skin  until 
it  is  on  the  wing.  The  cast-off  pupal  skin  remains  clinging  to  the  apex 
of  the  seed.  A  count  of  a  whole  season's  emergence,  numbering  many 
thousands,  fixes  the  proportion  of  males  to  females  as  three  of  the 
latter  to  one  of  the  former. 

COPULATION. 

Immediately  after  drying,  the  male  takes  wing  and  hovers  about 
the  seed  head,  awaiting  the  appearance  of  the  females.  When  the 
latter  have  emerged,  copulation  at  once  takes  place,  more  often  before 
they  have  sufliciently  dried  to  fly.  When  the  drying  process  of  the 
female  is  complete,  she  begins  to  oviposit  within  the  seed  glumes,  and 
this  operation  continues  until  she  has  laid  her  quota  of  eggs,  when 
death  follows.  The  operations  of  copulation  and  oviposition  are 
very  rapid  and  are  kept  up  unceasingly  until  both  m^le  and  female 
are  dead. 
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OVIPOSmON. 

The  process  of  oviposition,  as  carried  on  immediately  after  emer- 
gence and  copulation,  is  short  and  rapid.  The  females  crawl  care- 
fully over  a  seed  head  for  a  few  seconds  until  they  find  a  seed,  the 
glumes  of  which  present  the  best  adaptabilities  for  egg  laying.  This 
stage  is  reached  just  as  the  flowers  have  been  shed  and  the  glumes  are 
open  at  the  apex  to  their  greatest  degree.  When  the  female  has 
selected  the  seed  she  takes  up  a  position  upon  the  apex,  her  abdomen 
elevated  slightly  above  the  tip,  and  immediately  extends  her  oviposi- 


Pio.  27.— Sorghum  heads,  showing  four  successive  stages  in  the  opening  of  the  sheath  or  **boot." 

(Original.) 

tor,  pushing  it  within  the  seed  until  it  is  fully  extended;  then,  with  a 
rapid  pistonlike  motion,  she  places  the  egg.  It  is  doubtful  if  more 
than  one  egg  is  deposited  by  a  single  female  in  the  same  seed.  Dis- 
sections of  seed  observed  to  have  been  oviposited  in  by  but  one  female, 
and  but  once,  have  not,  during  the  writer's  investigations,  revealed 
more  than  one  egg. 

However,  it  is  no  uncommon* sight  to  observe  several  females  follow 
one  another  in  quick  succession,  ovipositing  within  the  same  seed. 
Numerous  examinations  of  infested  seed  have  revealed  as  many  as 
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eight  or  ten  stages  of  the  midge  against  one  ovary,  all  the  stages  rang- 
ing from  unhatched  eggs  to  fully  developed  pupae,  sho\^ang  that  egg 
deposition  is  kept  up  until  the  closing  of  the  glumes  at  the  apex  makes 
oviposition  impossible. 

Another  importajit  phase  of  egg  deposition,  which  accounts  for  the 
irregular  emergence  of  the  adults  from  a  seed  head,  is  that  of  the  long 
period  during  which  a  seed  head  is  in  condition  to  receive  the  eggs  of 
the  midge.  As  has  already  been  pointed  out,  oviposition  may  con- 
tinue from  the  time  the  seed  glumes  are  sufficiently  open  until  they 
are  closed;  this  in  itself  gives  rise  to  a  large 
number  of  midge  forms  of  different  stages  of 
growth  within  a  single  seed. 

Again,  oviposition  continues  upon  a  seed  head 
from  the  time  the  first  seed  are  visible  through 
the  opening  sheath  until  after  the  head  is 
entirely  exposed.  Figure  27  represents  four 
stages  of  development  of  the  seed  heafl.  About 
four  days  are  required  for  the  sheath  to  com- 
pletely unfuri,  during  which  time  the  seed  have 
been  infested  by  the  midge  as  fast  as  they  were 
accessible  to  her  ovipositor. 

LOCATION  OF  THE  EGG. 

The  location  of  the  egg  (fig.  28)  varies,  inas- 
much as  the  structure  of  the  seed  glumes  varies 
at  different  stages  of  development,  and  conse- 
quently a  female  ovipositing  within  a  seed  just 
before  the  glumes  close  would  not  place  her  egg 
as  far  down  as  the  female  ovipositing  immedi- 
ately after  the  shedding  of  the  blooms.  Gener- 
ally speaking,  the  eggs  are  found  near  the  apex 
of  the  ovary,  but  the  writer  has  found  them 
located  in  practically  every  part  of  the  inner 
seed  structure.  It  is  therefore  dependent  upon 
the  stage  of  seed  development  as  to  where  the 
egg  will  be  found.  If  infested  during  the  flowering  stage,  the  female 
usually  inserts  her  ovipositor  between  the  two  outer  glumes  and  the 
flowering  glume,  and  in  such  cases  the  egg  will  be  generally  foimd 
somewhere  near  the  apex  of  the  ovary  sticking  to  one  of  the  glumes. 
In  one  instance,  at  San  Antonio,  Tex.,  the  writer  observed  females 
ovipositing  in  seed  which  had  shed  the  flower  and  the  apices  of  which 
were  too  tightly  closed  to  admit  of  oviposition  at  that  point.  In 
this  case  the  females  were  observed  to  crawl  over  the  seed  and  then 
insert  the  ovipositor  into  the  crevice  formed  by  the  first  outer  glume 


Fio.  28.— Sectional  views  of 
the  sorghum  seed  during  the 
flowering  stage:  a,  First 
outer  glume ;  b ,  second  outer 
glume;  c,  inner  glume;  d, 
second  inner  glume;  e,lodi- 
cules.  X's  indicate  points 
at  which  eggs  of  the  sor- 
ghum midge  are  commonly 
found.    (Original.) 
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overlapping  the  second  outer  glume  and  at  a  point  midway  between 
the  apex  and  base  of  the  seed.  An  immediate  dissection  of  these 
seeds  revealed  the  eggs  situated  upon  the  inner  surface  of  the  second 
outer  glume  almost  in  view  from  a  superficial  examination.  It  is 
extremely  doubtful  if  larvae  hatching  under  such  conditions  would  find 
their  way  to  the  ovary. 

LOCATION  OF  THE  LARV^. 

When  hatched  the  larvae  immediately  make  their  way  to  the  ovary 
and  are  invariably  found  lying  directly  against  the  latter  within  the 
delicate  palet.  Their  position  remains  unchanged  throughout  growth, 
their  length  being  parallel  to  the  ovary  and  the  head  pointing  to  the 
apex  of  the  seed.  The  larvae,  expanding  their  full  length  close  against 
the  ovary,  sap  the  juices.  A  faint  discoloration  of  the  ovary  takes 
place  at  the  point  of  contact  with  the  larva  shortly  after  the  latter  has 
taken  its  normal  position.  This  discoloration  deepens  perceptibly 
as  larval  growth  increases,  and^uring  the  full-grown  stage  the  larva 
is  set  in  a  tiny  depression,  caused  by  the  draining  of  the  plant  juic6 
by  the  larva  at  that  point. 

LOCATION   OF  THE   PUPA. 

The  pupa  is  formed  in  exactly  the  same  position  as  has  been  occu- 
pied by  the  larva  during  its  growth  and  development.  The  head  is 
directed  toward  the  apex  of  the  seed,  to  which  point  it  works  itself 
preparatory  to  emergence. 

NUMBER   OF   GENERATIONS. 

There  are  no  well-defined  broods  or  generations.  From  early  spring 
until  late  fall  the  midge  may  be  found  in  any  stage  from  egg  to  adult. 

THE  UFB  CYCLE. 

The  greatest  of  difficulty  has  attended  the  determination  of  the 
periods  required  for  the  egg,  larval,  and  pupal  stages.  Under  the  most 
careful  manipulation  newly  deposited  eggs,  when  located  and  exam- 
ined, invariably  shriveled  and  failed  to  hatch  before  the  seed  glumes 
opened  and  the  eggs  were  exposed  to  atmospheric  influences;  conse- 
quently, attempts  to  watch  newly  deposited  eggs  until  the  date  of 
hatching  have  been  so  far  unsuccessful.  The  same  difficulties  apply 
to  raising  larvae  to  maturity  under  artificial  conditions.  The  pupao, 
however,  are  more  successfully  handled,  as  exposure  to  air  does  not 
seem  to  aflfect  their  (Jevelopmej^t  and  the  emergence  of  the  adult. 

The  method  finally  adopted  consisted  of  permitting  seed  heads  to 
become  infested  under  natural  conditions  in  the  field,  then  bagging 
them,  and  later  dissecting  the  seed  at  various  intervals.  Thus,  with 
a  large  number  of  heads  infested  and  examined  at  different  periods, 
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Plate  I. 


Fig.  1.— Early  Johnson  Grass  Heading  and  Blooming  on  Wet  Banks  of  Sewage 
Canal,  San  Antonio,  Tex.   (Original.) 


Fig.  2.— Rubbish  Left  by  Removal  of  Sorghum  Shocks  in  a  Field  near  San  Antonio. 

Tex.    (Original.) 
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overlapping  the  second  outer  glume  and  at  a  point  midway  between 
the  apex  and  base  of  the  glumes.  An  immediate  dissection  of  these 
seeds  revealed  the  eggs  situated  upon  the  inner  surface  of  the  second 
outer  glume  almost  in  view  from  a  superficial  examination.  It  is 
extremely  doubtful  if  larvae  hatching  under  such  conditions  would 
find  their  way  to  the  ovary. 

LOCATION   OF   THE   LARV^. 

When  hatched  the  larvae  immediately  make  their  way  to  the  ovary 
and  are  invuriably  found  lying  directly  against  the  latter  within  the 
delicate  palet.  Ilieir  position  remains  unchanged  throughout  growth, 
their  length  being  parallel  to  the  ovary  and  the  head  pointing  to  the 
apex  of  the  glum«s.  The  larvae,  expanding  their  full  length  close 
against  the  ovary,  sap  the  juices.  A  faint  discoloration  of  the  ovary 
takes  place  at  the  point  of  contact  with  tiie  larva  shortly  after  the 
latter  has  taken  its  normal  position.  This  discoloration  deepens  per- 
ceptibly as  larval  growth  increases,  and  during  the  full-grown  stage 
the  larva  is  set  in  a  tiny  depression,  caused  by  the  draining  of  the 
plant  juice  by  the  larva  at  that  point. 

LOCATION   OF  THE  PUPA. 

The  pupa  is  formed  in  exactly  the  same  position  as  has  been  occu- 
pied by  the  larva  during  its  growth  and  development.  The  head  is 
directed  toward  the  apex  of  the  glumes,  to  which  point  it  works  itself 
preparatory  to  emergence. 

NUMBER   OF   GENERATIONS. 

There  are  no  well-defined  broods  or  generations.  From  early  spring 
until  late  fall  the  midge  may  be  found  in  any  stage  from  egg  to  adult. 

THE  XilFE  CYCLE. 

The  greatest  of  difficulty  has  attended  the  determination  of  the 
periods  required  for  the  egg,  larval,  and  pupal  stages.  Under  the 
most  careful  manipulation  newly  deposited  eggs,  when  located  and 
examined,  invariably  shriveled  and  failed  to  hatch  before  the  spikelets 
opened  and  the  eggs  were  exposed  to  atmospheric  influences;  conse- 
quently, attempts  to  watch  newly  deposited  eggs  until  the  date  of 
hatching  have  been  so  far  unsuccessful.  The  same  difficulties  apply 
to  raising  larvae  to  maturity  under  artificial  conditions.  The  pupae, 
however,  are  more  successfully  handled,  as  exposure  to  air  does  not 
seem  to  afFect  their  development  and  the  emergence  of  the  adult. 

The  method  finally  adopted  consisted  of  permitting  heads  to  become 
infested  under  natural  conditions  in  the  field,  then  bagging  them, 
and  later  dissecting  the  spikelets  at  various  intervals.  Thus,  \vith 
a  large  number  of  heads  infested  and  examined  at  different  periods. 
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the  approximate  time  required  for  the  three  stages  was  secured.  At 
Baton  Rouge,  La.,  the  only  successful  attempt  to  secure  the  total 
number  of  days  in  the  life  cycle  gave  23^  days  from  the  time  of 
natural  oviposition  to  the  emergence  of  the  adults.  This  develop- 
ment took  place  during  an  average  daily  mean  temperature  of  79°  F. 
and  an  average  daily  mean  humidity  of  74.3.  In  San  Antonio,  Tex., 
the  development  from  egg  to  adult  required  14  days  during  an  aver- 
age daily  mean  temperature  of  84.7°  F.  and  an  average  daily  mean 
humidity  of  67.5.  In  the  latitude  of  San  Antonio,  Tex.,  generally 
speaking,  the  egg  stage  will  cover  from  2  to  4  days,  the  larval  stage 
from  9  to  11  days,  and  the  pupal  stage  from  3  to  5  days,  depending 
upon  the  temperature  and  humidity.  A  very  wide  range  in  length 
of  time  for  the  various  stages  has  been  recorded,  but  during  the 
normal  temperature  and  humidity  conditions  in  this  latitude  from  14 
to  20  days  are  the  average. 

LENGTH   OP   LIFE   OP   ADULT. 

In  confinement,  when  no  opportunity  is  afforded  for  oviposition, 
the  length  of  life  of  male  and  female  is  approximately  24  hours,  while 
females,  when  allowed  to  oviposit,  live  longer,  generally  about  48 
hours.  The  length  of  the  life  of  the  female  is  largely  dependent  upon 
the  number  of  eggs  she  is  capable  of  laying — death  following  shortly 
after  the  egg  supply  has  been  exhausted.  Females  were  found  upon 
dissection  to  contain  from  a  dozen  to  upward  of  a  hundred  eggs. 

So  far  no  feeding  of  adults  has  been  observed.  Close  observation 
has  failed  to  reveal  a  single  instance  in  which  either  male  or  female 
partook  of  nourishment,  their  activity  being  confined  solely  to  copu- 
lation and  oviposition. 

SEASONAL   ACTIVITY. 

In  the  spring  the  midge  appears  with  the  first  Johnson  grass  and 
sorghum,  and,  as  this  grass  heads  considerably  before  the  cultivated 
sorghum,  it  may  be  said  that  by  the  time  the  latter  has  headed  the 
midge  has  become  sufficiently  abundant  on  the  grass  to  make  the  first 
sorghum  infestation  a  heavy  one.  In  the  latitude  of  San  Antonio, 
Tex.,  the  first  midges  to  be  found  during  the  season  of  1909  were  found 
actively  ovipositing  in  Johnson  grass  on  May  14.  At  this  date  the 
neighboring  sorghum  had  not  headed,  and  it  was  not  until  June  19  that 
the  first  brood  emerged  from  the  sorghum,  which  puts  the  date  of  this 
first  infestation  at  approximately  June  5. 

Throughout  the  entire  season  the  midge  is  found  active  upon  its 
hosts;  in  fact,  as  long  as  heading  Johnson  grass  and  members  of  the 
sorghum  family  can  be  found  in  infested  localities  the  midge  is  certain 
to  be  present  also.  During  the  winter,  when  the  activity  of  the  midge 
has  apparently  ceased,  a  few  recurring  warm  days  suffice  to  bring  out 
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the  adults  in  considerable  numbers,  and  as  long  as  there  are  any  heads 
in  which  to  oviposit  they  wiU  continue  to  breed,  although  without  the 
regularity  of  the  warm  season,  their  devdopment  being  entirely 
dependent  upon  a  sufficiently  high  tempwature.  On  November  25, 
1908,  the  writer  discovered,  in  a  field  near  Grand  Prairie,  Tex., 
several  stalks  ot  sorghum  wiiich  had  been  allowed  to  stand  after  the 
last  crop  had  been  harvested.  Examination  of  seed  in  thyese  heads 
revealed  a  number  of  midge  pup«,  which,  after  remaining  in  the  warm 
office  at  Dallas  for  24  hours,  yielded  a  number  of  adults.  Later  these 
heads  were  sent  to  Washington,  where  they  were  kept  throughout  the 
winter  at  outdoor  temperatiure,  which  was  very  low,  and  a  carehil 
dissection  of  these  heads  during  the  month  of  January  showed  that  all 
the  pup»  had  transformed  into  adults  during  the  time  the  hieads  were 
in  the  heated  room  at  Dallas,  leaving  nothing  but  the  true  hibernating 
"cocooned  larvae"  to  carry  the  species  over  winter.  It  appears  from 
this  that  artificial  heat  will  not  develop  "cocooned  larvae"  that  have 
been  found  late  in  the  season. 

HIBEBVATION. 

As  previously  stated,  the  true  hibernating  form  of  the  midge  is  the 
"cocooned  larva."  Although  naked  pupae  derived  from  normal 
larvae  can  be  found  during  the  winter  months,  this  ^'cocooned  larva" 
is  the  one  form  which,  if  the  heads  are  subjected  to  extreme  cold, 
will  perpetuate  the  species.  Normal  pupae  will  stand  considerable 
cold,  and  later,  upon  being  exposed  to  sufficiently  high  temperature, 
will  emerge,  but  the  '^cocooned  larvae,"  when  once  they  have  been 
subjected  to  cold,  will  remain  over  winter  until  spring  and  produce 
cocooned  pupae  and,  later,  adults.  Therefore  we  can  only  say  that 
the  sorghum  midge  hibernates  as  ** cocooned  larvae"  and  naked  pupae, 
though  the  preponderance  of  the  former  during  the  winter  is  very 
marked.  In  addition  to  the  instance  cited  by  the  writer  at  Grand 
Prairie,  Tex.,  Prof.  Glenn  W.  Herrick  records  an  instance  in  which, 
after  a  freeze  sufficient  to  kill  the  sorghum  and  kafir,  he  brought  in 
infested  heads  of  the  latter,  from  which,  after  they  had  been  exposed 
to  the  temperature  of  a  heated  room,  adult  midges  emerged  in  large 
numbers.  Professor  Herrick  found  that  the  normal  pupae  and  larvae 
in  these  heads  had  not  been  killed  by  the  freeze. 

The  occurrence  of  larvae  upon  the  seed  during  the  winta:  months 
does  not  indicate  the  wintering  of  the  midge  in  this  stage,  but  is 
attributable  to  the  habit  which  the  sorghum  has  of  continuing  to  put 
out  a  number  of  branch  heads  during  recurring  warm  days  when  the 
temperature  does  not  become  sufficiently  low  to  kill  the  plant  itself. 
As  already  pointed  out,  the  midge  likewise  will  emerge  irregularly  dur- 
ing the  winter  months,  and  as  these  heads  present  the  opportunity, 
oviposition  takes  place.    The  normal  larvae  are  then  formed  and  during 


Digitized  by  VjOOQ IC 


Bui.  85,  Part  tV  (Revised),  Bureau  of  Entomology,  U.  S.  Dept.  of  Agriculture. 


Plate 


Tcp 

- :^  ;., p'i ,:■,".  .-'••-/.>■  i>*^'r;^ i 

1 

FiQ.  1.— EARL.Y  Johnson  Grass  Heading  and  Blooming  on  Wet  Banks  of  Sewage 
Canau  San  Antonio,  Tex.   (Original.) 


Fig.  2.— Rubbish  Left  by  Removal  of  Sorghum  Shocks  in  a  Field  near  San  Antonio. 

Tex.    (Original.) 
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summer,  when  the  second  and  third  crops  of  sorghum  are  heading. 
These  crops  are  found  to  mature  upward  of  90  per  cent  of  sound  seed, 
while  the  earlier  crops  are  a  total  failure.  Dxiring  the  latter  part  of 
the  simuner  these  parasites  often  outnumber  the  emerging  midges 
6  to  6. 

Only  one  observation  has  been  recorded  as  to  the  feeding  habit, 
of  this  parasite.  On  August  1, 1908,  the  writer  observed  the  parasites 
clustering  upon  the  leaves  of  the  spined  Amaranthus  (AmararUhus  spl- 
nosua) ,  conunonly  known  as  *  *  careless  weed . ' '  Investigation  revealed 
that  these  followed  in  the  wake  of  some  leaf-eating  beetles  which 
abraded  the  leaves,  from  the  torn  edges  of  which  the  juice  oozed. 
This  the  parasites  fed  upon,  following  the  leaf  eaters  as  they  changed 


Fio.  2i.—Apnidocetu»  diploMis:  Female.    Greatly 
enlarged.    (Original.) 


¥10.30.— AproOoedtudiplotidis:  Male. 
Greatly  enlarged.    (Original.) 


their  point  of  attack.  These  beetles  were  afterwards  determined  as 
Disonycha  coUata  Fab.  and  D.  glabrata  Fab. 

The  distribution  of  Ayrostocetus  diplosidis  is  generally  the  same 
as  that  of  the  sorghum  midge,  although  in  some  sections  where  the 
latter  abounds  the  parasite  is  not  found.** 

The  method  of  parasitism  can  be  seen  readily  in  the  field.  The 
parasite  crawls  slowly  over  the  infested  heads  and  then,  apparently 
locating  a  larva,  takes  up  a  position  upon  the  seed  head  toward  the 
apex  of  the  latter  and  arching  the  abdomen  drives  the  ovipositor 
through  one  of  the  glumes  to  the  interior  of  the  seed. 

The  species  of  Teirastichus  referred  to,  while  not  proved  to  be  pri- 
mary in  conjunction  with  Aprostocetus  diplosidis j  is  certainly  primary 
upon  the  midge  in  some  instances.  During  the  early  part  of  the 
season,  when  only  Johnson  grass  is  available  as  a  host  for  the  midge 

o  Fayetteville,  Ark.,  and  Neodesha,  Kans.,  have  not  been  recorded  as  Bections 
abounding  in  the  parasite,  although  the  soighum  midge  occurs  quite  abundantly. 
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and  the  predominant  parasite  is  not  found,  these  parasites  may  be  seen 
actively  ovipositing  through  the  outer  glume  of  the  sorghimi  seed  in 
precisely  the  same  manner  as  has  been  described  with  reference  to  A  pros- 
tocetus  diplosidis.  At  the  same  time  the  writer  has  reared  this  para- 
site from  Setaria  glauca  infested  by  another  species  of  midge. 

The  pup»  of  Aprostocetus  diphsidis  and  Tetrastichus  sp.  are  found 
occupying  the  same  position  within  the  sorghimi  seed  as  is  taken  by 
the  pup»  of  the  sorghimi  midge,  viz,  directly  against  the  ovary 
within  the  delicate  palet,  the  head  directed  toward  the  apex  of  the 
seed.  These  pup»  are  not  enveloped  in  the  larval  skin  of  the  midge, 
but  are  naked.  While  microscopic  examinations  of  sectioned  midge 
larvae  have  not  been  made  for  the  purpose  of  studying  the  develop- 
ment of  these 
parasites,  it  is 
evident  that 
these  parasites 
oviposit  within 
midge  larvce  in 
all  stages  of  de- 
velopment. Ex- 
amination of  seed 
observed  to  have 
been  visited  by 
parasites  has  re- 
vealed, in  some 
instances,  newly 
hatched  larvae, 

while  in  other  cases  half-grown  or  even  full-grown  lanr»  were 
present. 

PREDACEOUS    ENEMIES. 

By  far  the  most  important  predaceous  enemy  of  the  midge  is  the 
Argentine  ant  {Iridomyrmex  humilis  Mayr)  occurring  in  Louisiana. 
These  ants  swarm  over  the  sorghum  stalks  and  heads  in  the  fields  and 
whenever  they  find  midge  pupae  projecting  from  the  apex  of  the  seed 
they  seize  thelatterin  their  mandibles  and  carry  them  off  to  theirnests. 

The  fly  Psilopodinus  jlaviceps  Aldrich  has  been  observed  by  the 
writer  to  prey  upon  the  adults  of  the  midge.  These  flies  rest  upon  a 
sorghum  blade  conveniently  near  a  head  and  dart  out  frequently^ 
seizing  an  adult  and  devouring  it  immediately. 

On  July  15  the  writer  saw  a  hummingbird  (probably  TrochUua 
alexandrij  according  to  Prof.  F.  E.  L.  Beal,  of  the  Bureau  of  Bio- 
logical Survey)  hovering  about  the  heads  of  sorghum,  which  were 
at  the  time  swarming  with  midges.  To  all  appearances  it  was  feeding 
upon  the  sorghum  midge.  Professor  Beal  states  that  small  spiders 
and  minute  insects  are  often  found  in  the  stomachs  of  hummingbirds. 


Fio.  31.—  Tdnulidnu  sp.:  Female.    Greatly  enlarged.    (Original.) 
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BBMBDIAL  1CEA8XJBB8. 
DESTRUCTION   OF  JOHNSON   GRASS. 

The  destruction  of  Johnson  grass  is  one  of  the  most  vital  factors 
in  midge  control.  The  mere  cutting  of  this  grass  is  Jiot  sufficient. 
It  should  be  burned  over  wherever  discovered,  and  such  areas 
plowed  in  the  spring  to  prevent  an  early  crop  of  heads. 

The  practice  of  allowing  Johnson  grass  to  grow  within  and  around 
areas  planted  to  sorghum  is  sure  to  furnish  ideal  conditions  for  early 
and  late  infestation  by  the  midge,  while  the  small  isolated  patches  of 
the  grass  in  fence  comers  will  carry  the  species  over  winter  in  the  seed. 

CLEAN   HARVESTING. 

Careless  methods  of  harvesting  the  sorghum  crop  are  largely 
responsible  for  damage  by  the  midge.  It  has  been  pointed  out  that 
stalks  allowed  to  stand  in  the  harvested  fields  will  continue  to  send  out 
until  late  in  the  winter  branching  heads,  which  furnish  breeding 
possibilities  and,  later,  hibernating  material.  Again,  when  the  crop 
is  harvested,  the  stubble  should  be  burned  over  after  all  loose  heads 
have  been  collected  and  burned.  Such  heads  allowed  to  lie  upon  the 
harvested  fields  over  winter  harbor  the  hibernating  midges  until  the 
following  spring.  In  many  sections  it  is  customary  to  stack  the  har- 
vested sorghum  stalks  in  the  field  for  winter  use  as  a  dry  fodder. 
This  practice,  as  can  be  readily  understood,  furnishes  unlimited 
possibilities  for  the  midge  to  successfully  pass  the  winter.  (See  PL 
I,  fig.  2,  and  PI.  II,  fig.  1. 

DESTROYING    HEADS   OF   FIRST   CROP. 

Inasmuch  as  the  early  crop  of  seed  is  practically  destroyed  by  the 
midge  and  the  second  crop  matures  a  very  large  percentage  of  sound 
seed,  it  is  possible  that  the  practice  of  destroying  the  first  crop  of  seed 
and  retaining  the  last  crop  will  yield  better  results  and  at  the  same 
time  eUminate  a  very  great  percentage  of  midges.  The  fumigation  of 
thrashed  seed  and  storing  it  in  tight  receptacles  would  possibly  prove 
efTective  in  reducing  the  number  of  emerging  adults  from  seed  stored 
for  planting  purposes. 

BAGGING    HEADS. 

When  a  small  crop  of  seed  is  desired  for  planting  purposes  it  will  be 
found  practical  to  protect  the  heads  from  the  midge  by  bagging  as 
illustrated  in  figure  22.  This  should  be  done  before  the  heads  have 
broken  through  the  protecting  sheath,  i.  e.,  before  the  stage  illustrated 
in  figure  27,  a,  and  the  bags  allowed  to  remain  until  the  seed  are 
mature  and  hardened.  Of  course  this  method  is  not  practical  of 
apphcation  on  a  large  scale,  but  when  a  small  crop  is  desired  it  will 
be  found  to  suit  the  purpose  admirably. 
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Fig  1.— Harvested  Field  of  Sorghum  near  San  Antonio,  Tex.,  Showing  Scattered 

Heads.    (Original.) 


Fig.  2.- Harvested  Field  of  Sorghum  near  San  Antonio,  Tex.,  in  which  the  Sorghum 
Midge  is  Hibernating.    (Original.) 


FiQ.  3.— Fence  Line  Bordering  a  Sorghum  Field  near  San  Antonio,  Tex.,  Allowed 
TO  Grow  up  in  Johnson  Grass.    (Original.) 
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THE  NEW  MEXICO  RANGE  CATERPILLAR. 

{HemUeuca  olivix  Ckll.) 

By  C.  N.  AiNSUE, 
Agent  and  Expert 

INTBODUCTION. 

During  the  month  of  August,  1908,  information  reached  the  United 
States  Department  of  Agriculture  at  Washington  that  a  destructive 
invasion  of  certain  sections  ot  the  cattle  range  in  northeastern  New 
Mexico  by  an  immense  anny  of  caterpillars  had  been  in  progress  for 
several  years,  and  that  the  damage  seemed  to  be  steadily  increasing 
with  each  successive  year. 

The  facts,  as  stated,  were  so  specific  and  the  source  so  trustworthy 
that  the  matter  was  deemed  worthy  of  immediate  attention.  Ac- 
cordingly the  writer,  who  was  then  busy  with  other  insect  problems 
in  southern  New  Mexico,  was  instructed  to  proceed  as  soon  as  prac- 
ticable to  the  infested  territory  in  the  vicinity  of  Springer,  N.  Mex., 
make  a  thorough  study  of  existing  conditions,  and  report  on  the  life 
history  of  the  pest  and  the  feasibiUty  of  methods  of  extermination 
or  control. 

The  following  pages  give  the  results  of  this  investigation  which 
was  begun  in  October,  1908,  and  was  continued  throughout  the 
greater  part  of  the  summer  of  1909. 

The  writer  is  imder  great  obligations  to  Prof.  F.  M.  Webster,  to 
whose  advice  and  cooperation  many  of  the  results  of  the  study  are 
due;  to  Dr.  Harrison  G.  Dyar,  who  has  kindly  described  the  various 
larval  stages  and  the  adults  and  has  supervised  the  drawings  of  the 
larval  and  adult  forms,  besides  contributing  the  entire  section  relat- 
ing to  **the  specific  identity  of  the  insect  concerned;^'  to  Messrs. 
Frank  and  Charles  Springer  and  to  Mr.  Henry  Springer  for  the  many 
kindly  courtesies  that  have  made  this  investigation  possible;  to  Mr. 
H.  M.  Letts,  of  Koehler,  N.  Mex.,  for  valuable  assistance ;  and  to  others 
both  in  New  Mexico  and  in  Washington  who  have  in  various  ways 
aided  in  this  study.  The  writer  is  responsible  for  the  statements 
concerning  the  Ufe  history  of  the  insect  herein  recorded,  all  of  which 
are  original  with  the  present  investigation  and  are  beUeved  by  him 
to  have  been  correctly  interpreted  and  recorded. 
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HI8TOBT  AND  EZTBHT  OF  THE  OTJTBSBAK  IN  NBW  MBXIOO. 

As  has  just  been  stated,  the  first  information  that  reached  the 
United  States  Department  of  Agriculture  at  Washington  concerning 
the  alarming  increase  of  Hemileuca  caterpillars  in  New  Mexico  came 
in  August,  1908.  A  letter  from  Mr.  Frank  Springer,  one  of  the  owners 
of  the  large  Springer  ranch  that  lies  between  the  villages  of  Springer 
and  Cimarron  in  G>lfax  County,  was  forwarded  to  Washington  by 
Prof.  T.  D.  A.  Cockerell,  to  whom  it  was  addressed.  This  letter 
contained  a  brief  account  of  the  damage  then  being  done  to  range 
pastures  in  the  vicinity  of  Springer  by  legions  of  caterpillars  that 
had  apparently  been  increasing  in  numbers  for  several  years.  Mr. 
Springer  stated  his  beUef  that,  unless  checked  in  some  way,  these 
pests  threatened  to  become  a  serious  menace  to  the  cattle-raising 
industry  of  northern  New  Mexico. 

The  interest  aroused  by  this  presentation  of  somewhat  startling 
facts  resulted  in  a  careful  study  of  the  depredating  species  covering 
the  adult  period  of  the  insect  in  1908  and  the  entire  active  life  period 
of  1909. 

The  history  of  the  range  caterpillar  prior  to  the  outbreak  of  1908 
is  exceedingly  vague,  and  the  information  obtained  from  ranchmen 
and  others  is  very  imreliable,  probably  owing  to  the  fact  that  they 
have  not  been  able  to  distinguish  clearly  between  these  caterpillars 
and  those  of  other  species.  A  notable  illustration  was  offered  dur- 
ing the  year  1909.  There  was  a  severe  outbreak  of  the  wheat-head 
army  worm  (HdiophUa  aJhUinea  Hubn.)  in  northern  New  Mexico, 
which  took  place  simultaneously  with  the  occurrence  of  the  Hemileuca 
larvie,  while  in  many  cases  reports  current  through  the  country  at- 
tributed all  of  the  ravages  to  the  range  caterpillar.  In  view  of  what 
we  have  learned  since  taking  up  the  investigation  of  the  range  cater- 
pillar, it  would  seem  that  the  species  might  have  had  its  origin  in  the 
country  east  of  and  adjacent  to  the  Rocky  Mountains  in  northeastern 
New  Mexico.  The  information  relative  to  the  occurrence  and  food 
habits  of  closely  related  species  is  as  yet  too  meager  to  throw  much 
light  upon  this  problem.  It  is  possible  that  there  have  been  previous 
outbreaks  of  this  particular  species  of  Hemileuca,  but  if  so  the  evi- 
dence is  too  meager  and  obscure  to  permit  of  any  definite  statement 
to  that  effect.  The  extremely  limited  extent  to  which  the  range 
caterpillar  is  affected  by  natural  enemies  is  of  itself  somewhat  puzzling 
and  would  rather  indicate  that  if  there  had  been  previous  outbreaks 
these  were  overcome,  if  at  all,  very  slowly,  by  natural  enemies.  If 
all  of  these  questions  were  capable  of  prompt  solution,  we  might  have 
a  basis  for  estimating  the  probable  extent  to  which  the  pest  will 
spread  over  adjoining  coimtry;  with  our  present  knowledge,  how- 
ever, it  will  require  at  least  another  season  to  determine  whether  the 
species  will  retain  its  foothold  in  adjacent  States  to  the  north  and 
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Plate  III. 


Fig.  1.-MESA  near  Koehler,  N.  Mex.,  with  Characteristic  Vegetation-Grama 
Grass,  Artemisia  friqida,  and  Gutierrezia  sp.    (Original.) 


Fig.  2.— Pasture  on  the  C.  S.  Ranch  Nearly  Destroyed  by  New  Mexico  Range 
Caterpillar.    Vegetation  Mainly  Grama  Grass.    (Original.) 


Fig.  3.— Egg  Masses  of  the  New  Mexico  Range  Caterpillar  (Hemileuca  olivi/e) 
on  A  Single  Plant  of  Range  Grass;  Male  Moth  in  Resting  Position.  (Original.) 
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east  and  continue  to  spread  in  these  directions,  or  whether,  owing  to 
the  high  altitude  and  consequent  atmospheric  and  meteorological 
conditions,  it  will  be  restricted  to  this  particular  section  of  the  country. 

The  character  of  the  country  covered  by  the  present  outbreak 
should  be  mentioned  here.  Northeastern  New  Mexico  consists 
mainly  of  a  high  plateau  6,000  to  7,000  feet  above  sea  level,  inter- 
spersed with  mountainous  masses  that  show  evidence  of  volcanic 
action  in  some  remote  time.  The  entire  region — plains,  valleys,  and 
even  the  '*high  mesas''  8,000  feet  in  altitude — is  covered  with  a  more 
or  less  complete  clothing  of  nutritious  grasses  (Plate  III,  fig.  1). 
Little  else  will  grow  here.  The  systematic  overstocking  of  the  range 
in  years  gone  by  has,  however,  partly  eliminated  these  grasses  and 
allowed  many  worthless  weeds  like  the  sheepweed  (Gutierrezia  sp.) 
and  the  Russian  thistle  (Salsola  tragus)  to  dominate  large  areas,  to 
the  detriment  of  the  live-stock  industry.  The  native  grasses,  such  as 
the  grama  (blue  and  black)  and  Agropyron,  seldom  perish  entirely 
from  overstocking,  but  often  afford  only  limited  pasturage.  Since 
the  range  caterpillar  has  taken  possession  of  this  entire  region,  feeding 
mainly  on  grama  and  buffalo  grasses,  the  carrying  capacity  of  the  range 
has  been  much  reduced,  and  in  places  utterly  ruined.  Not  only  has 
the  grass  been  eaten  to  the  very  roots  for  miles  at  a  stretch  by  these 
'*  range  worms  "  (Plate  III,  fig.  2) ,  but  the  uneaten  grass  in  the  infested 
territory  is  not  relished  by  stock  on  account  of  the  trail  of  silk  left 
everywhere  by  the  caterpillars,  especially  during  the  molting  season. 

The  first  authentic  history  of  the  genus  Hemileuca  in  New  Mexico 
begins  about  five  or  six  years  ago.  In  the  year  1904  or  1905  a  vast 
horde  of  caterpiDars  appeared  in  destructive  numbers  in  the  vicinity 
of  Springer  Lake,  New  Mexico,  an  irrigation  reservoir  a  few  miles  from 
Springer,  a  station  on  the  Santa  Fe  Railway,  50  miles  south  of  the 
Colorado  line.  That  section  appears  to  have  been  the  starting  point 
of  the  present  outbreak,  and  from  there  it  has  spread  north  and  east 
and  south,  being  checked  on  the  west  only  by  the  foothills  of  the  Taos 
Mountain  range. 

Whether  or  not  this  locality  is  the  original  home  of  this  species,  the 
pest  has  become  most  thoroughly  established  everywhere  on  the  great 
rolling  stretches  of  grazing  land  where  it  is  now  found.  Even  the 
weeds  of  the  region,  mostly  adventitious,  combine  with  the  native 
grasses  to  make  existence  possible  for  the  pests  by  affording  shelter 
from  the  heat  of  the  midday  sun,  support  for  molting,  and,  later,  for 
pupation.  Indeed  it  seems  doubtful  if  this  species  could  easily  sur- 
vive under  the  conditions  that  prevailed  before  the  introduction  of 
weeds,  at  least  on  the  level  plains. 

But  the  Hemileuca  is  by  no  means  confined  to  the  broad,  low-lying 
mesas.  In  August,  1909,  a  large  colony  of  full-grown  larvae  was 
discovered  in  a  natural  grama-grass  meadow  on  the  summit  of  one  of 
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the  foothill  spurs  near  Koehler,  N.  Mex.,  several  hundred  feet  above 
the  level  of  the  great  plain  below.  Larvae  were  also  foxrnd  for  several 
miles  up  Crow  Creek  Canyon  near  Koehler,  while  in  October  of  the 
same  year  large  numbers  of  eggs  were  found  in  this  same  canyon, 
much  farther  back  than  the  larvae  were  observed  during  the  summer 
previous. 

It  probably  often  happens,  in  the  way  of  chance  distribution,  that 
egg-bearing  females  are  forced  to  earth  during  their  long  flights,  and 
oviposit  where  they  fall,  thus  planting  their  eggs  in  locations  which 
they  would  not  normally  reach  or  select.  It  is  not  at  all  improbable 
that  the  moths  will  eventually  follow  through  or  fly  over  the  moun- 
tain ranges  west  of  their  breeding  place  and  reach  the  vast  grazing 
region  of  northwestern  New  Mexico  and  northern  Arizona,  even  if 
they  do  not  now  occur  there  in  limited  numbers. 

The  area  at  present  infested  is  not  well  defined,  nor  is  it  possible  to 
ascertain  its  boundaries.  It  is  known  to  extend  from  just  north  of 
Las  Vegas,  N.  Mex.,  on  the  south,  to  Las  Animas,  Colo.,  on  the  north, 
and  from  Cimarron  and  Koehler,  N.  Mex.,  on  the  west,  to  points  well 
within  the  Texas  '* Panhandle''  on  the  east.  Roughly  s{>eaking, 
an  area  200  miles  from  north  to  south  by  150  miles  from  east  to  west — 
30,000  square  miles — is  infested  very  unevenly  as  yet,  but  with  the 
insect  more  or  less  prevalent  everywhere. 

OCCTJBBENCE  OF  THE  MOTHS  OT7TSIDE  OF  NEW  MEXICO. 

On  October  29, 1909,  multitudes  of  Hemileuca  moths,  many  of  them 
very  fresh  and  unworn,  were  flying  about  the  electric  lights  at  Trinidad, 
Colo.,  148  males  having  been  counted  at  two  street  lights  90  paces 
apart.  This  was  the  first  intimation  that  the  insects  had  crossed  the 
high  mountain  range  at  Raton,  N.  Mex.,  and  had  invaded  Colorado. 
On  November  4  a  number  of  these  moths  were  taken  at  the  lights  at 
Las  Animas,  a  town  lying  100  miles  northeast  of  Trinidad,  Colo. 
How  far  beyond  Las  Animas  they  extend  we  have  no  means  of 
knowing. 

At  Garden  City,  Kans.,  November  5,  1909,  a  number  of  moths, 
believed  to  be  of  this  species,  were  seen  about  the  electric  lights,  but 
it  was  a  warm  night,  the  moths  were  active,  and  no  captures  were 
made.  Observant  residents  to  whom  specimens  were  shown  declared 
that  earlier  in  the  season  they  had  seen  many  moths  of  the  species 
flying.  There  exists  a  doubt  as  to  the  presence  of  the  species  in 
Kansas,  but  it  is  known  to  be  in  Texas,  Oklahoma,  New  Mexico,  and 
Colorado.  How  far  north  the  species  will  spread  with  its  present 
start  can  only  be  conjectured,  but  by  those  who  are  familiar  with  the 
facts  of  the  outbreak  the  situation  is  viewed  with  apprehension.  It 
must  be  borne  in  mind,  however,  that  only  the  moths  have  been 
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observed  outside  this  limited  area  in  New  Mexico  and  the  very  similar 
adjacent  borders  of  Oklahoma  and  Texas;  whether  or  not  the  species 
can  exist  beyond  this  region  is  yet  to  be  seen. 

It  seems  probable  that  altitude  may  indirectly  exert  some  influence 
on  the  distribution  of  this  species  of  Ilemileuca.  In  other  words, 
below  a  certain  altitude,  under  the  peculiar  climatic  conditions  that 
prevail  in  New  Mexico  and  similar  semiarid  regions,  the  intense  heat 
of  the  midday  sun  may  prove  fatal  to  the  younger  larvae  unless  the 
character  of  the  native  vegetation  affords  the  necessary  shelter. 
Farther  north,  if  the  species  follows  the  grama-grass  range  in  that 
direction,  as  it  seems  to  be  doing  at  present,  the  chief  danger  to  the 
insect  may  be  the  possibility  of  continued  stormy  or  unfavorable 
weather  during  the  egg-laying  period  in  the  fall. 

THE  SPECIFIC  CDENTITT  OF  THE  INSECT  CONCERNED. 

Specimens  of  this  species  were  described  by  Professor  Cockerell 
some  twelve  years  ago  as  Ilemileuca  sororiaj  race  olimse.  The  type, 
a  male,  came  from  Santa  Fe,  N.  Mex.,  and  is  now  in  the  United 
States  National  Museum.  The  species  sororiaj  of  which  olivine  was 
described  as  a  race,  was  originally  characterized  by  the  late  Henry 
Edwards  from  a  single  female  from  La  Paz,  Lower  California.  Noth- 
ing further  is  known  of  this  form,  except  that  Hemileuca  hualapai 
Neumoegen,  described  from  a  single  female  from  southern  Arizona, 
has  been  referred  to  it  as  a  variety.  Nothing  further  is  known  of 
hualapai  either,  but  in  the  light  of  the  present  situation  it  appears 
unlikely  that  these  forms  are  races  of  one  species,  but  rather  separate 
species,  and  it  has  been  thought  best  to  here  designate  the  species 
with  which  we  are  at  present  concerned  as  Hemileuca  olivix  Cockerell. 

Beside  the  forms  just  cited,  a  number  of  closely  allied  species  have 
been  described  from  Mexico.  Twelve  species  altogether  are  at  present 
known  which  are  closely  allied  to  olivix j  as  follows: 

Hemileuca  rubridorsa  Felder. 

Felder's  description  is  without  definite  locality;  his  figure  represents  a  female.  A 
male  specimen,  undoubtedly  of  this  species,  has  been  received  from  Mr.  Roberto 
Miiller,  from  Mexico  City,  which  enables  us  to  locate  the  species  as  an  inhabitant  of 
the  Mexican  plateau. 

Hemileuca  norba  Druce. 

Described  from  Amecameca,  State  of  Moreloa,  Mexico,  from  the  same  gerferal  region 
as  the  foregoing.    The  type  specimen,  a  male,  is  before  us,  but  no  additional  material. 

Hemileuca  minette  Dyar. 

This  form  is  probably  from  the  vicinity  of  Mexico  City,  although  the  single  type  is 
without  exact  locality.  The  three  species  may  possibly  be  but  variations  of  one  sj>e- 
cies,  but  from  the  present  scanty  material  they  seem  distinct,  and  must  be  considered 
80  imtil  proven  otherwise. 

33803— Bull.  85,  pt  5—10 2 
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Hexnileaca  hualapai  Neumoegen. 

Known  only  by  a  single  female  from  southwestern  Arizona.  In  the  absence  of  fresh 
material  we  have  only  the  original  description  to  go  by,  which  indicates  that  the  spe- 
cies is  not  the  same  as  olivix.  The  costa  is  stated  to  be  bright  yellow,  which  is  not  the 
case  in  the  female  oh'tn>,  although  there  is  considerable  ochreous  shading  in  some  s{>eci- 
mens.  The  whole  insect  is  described  as  being  very  pale  and  rose  colored.  While  it  is 
impossible  to  decide  the  exact  specific  standing  of  the  form  from  the  description  of  one 
female  specimen,  it  seems  best  at  present  to  consider  it  a  distinct  species. 

Hemileaca  mania  Druce. 

Described  from  Orizaba,  Mexico.  We  have  specimens  from  Mr.  Mttller,  collected 
in  Motzorongo,  both  localities  in  the  State  of  Vera  Cruz  in  the  hot,  moist  country.  The 
females  appear  very  similar  to  the  description  of  hualapai,  being  pale  rosy  with  a  bright 
yellow  costa. 

Hemileaca  lares  Druce. 

This  was  described  from  Durango  City,  which  b  on  the  high  tableland  at  the  foot  of 
the  Sierra  Madre.  No  si>ecimens  are  before  us,  the  species  being  known  to  us  by 
Druce's  figure. 

Hemileaca  noma  Druce. 

This  was  described  from  Mexico  City.  We  have  specimens  from  there  in  the  Schaus 
collection  and  others  sent  by  Mr.  Miiller. 

Hemileaca  nitria  Druce. 

This  species  is  evidently  very  close  to  numa.  We  have  no  specimens,  and  the 
original  typ>e  is  without  definite  locality.  Probably  it  came  from  somewhere  on  the 
Mexican  tableland.    It  may  even  be  not  specifically  distinct  from  numa. 

Hemileaca  olivisB  Cockerel! . 

The  present  species  ^Is  here  in  general  relationship,  being  apparently  most  nearly 
allied  to  the  three  following. 

Hemileaca  sororia  Hy.  Edwards. 

As  stated  above,  known  only  from  the  original  type  specimen  from  La  Paz,  Lower 
California. 

Hemileuca  mariUia  Dyar. 

Described  from  Tehuacan,  State  of  Puebla,  Mexico,  on  the  southern  end  of  the  Mexi- 
can plateau.    Closely  allied  to  the  following. 

Hemileuca  lex  Druce. 

Described  from  a  single  male  from  Durango  City,  from  the  western  edge  of  the  cen- 
tral part  of  the  Mexican  plateau. 

It  will  be  seen  that,  of  the  12  nominal  species  above,  8  are  from  the 
Mexican  plateau  (including  2  without  exact  localities),  6  from  the 
lower  and  best  known  part  of  that  region  in  the  vicinity  of  Mexico 
City,  and  2  from  the  central  portion  in  the  State  of  Durango.  Of 
the  outlying  4  forms,  1  is  known  from  the  peninsula  of  Lower  Cali- 
fornia, 1  from  southwestern  Arizona,  and  2  from  New  Mexico,  while 
but  a  single  species  occurs  outside  of  the  high  dry  prairie  region, 
namely   H.  mania  Druce,  from   the   State  of  Vera  Cruz,  which  is 
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geographically  close  to  the  main  center  of  distribution.     In  the  cen- 
ter of  distribution,  the  Mexican  plateau,  several  species  may  occur 
in  the  same  region;  but  whether  they  are  actually  associated  or  not  is 
not  known;  in  the  outlying  portions  of  this  area  the 
species  occur  singly. 

Probably  all  these  species  are  grass-feeders  in  the 
larval  state  and  are  derived  from  a  common  ancestor 
with  this  habit  which  was  originally  developed  from 
the  Mexican  plateau,  where  prairie  conditions  prevail. 

DESCRIPTION. 

Below  are  given  the  technical  descriptions  of  the  egg. 


larval  stages,  pupa,  and  adults: 


THE    EGG. 

Egg  (fig.  32)  broadly  oval,  upper  end  slightly  the  laiiger.  A  large 
saucer-shaped  depression  on  two  opposite  sides  gives  a  somewhat 
quadrate  appearance  when  viewed  from  above.  Apex  flattened, 
with  a  small  circular  central  depression  that  includes  the  micropyle. 

The  entire  egg  is  covered  with  a  dense,  homogeneous  coating  of 
opaque,  impervious  material  that  is  quite  adhesive  when  fresh.  By 
stripping  off  this  outside  pellicle  the  true  shell  is  disclosed,  delicate 
and  membranous,  finely  and  irregularly  reticulate. 

The  egg  is  filled  with  a  finely  granular,  dark  reddish  brown  fluid 
that  retains  its  peculiar  color  throughout  the  entire  egg  period,  but 
disap|>ear8  gradually  as  the  embryo  develops,  becoming  less  notice- 
able during  the  later  stages  of  incubation. 

Size,  exceedingly  variable,  with  an  average  measurement  of  1.5  by 
1.8  mm. 

THE    LARVAL    STAGES. 


Fig.  32.— Egg 
mass  of  Hemi- 
leuca  olivix  on 
weed  stem. 
En larged . 
(Original.) 


Stage  I  (fig.  33). — Head  rounded,  shining  black,  the  setae  rather 
coarse,  whitish;  width  about  0.75  mm.  Body  subcylindrical,  uniform  dark  brown; 
the  spines  black,  equal,  with  single  long  whitish  primary  setae ;  on  the  abdominal  seg- 
ments tubercle  i  is  at  the  summit  of  a  spine,  ii  from  the  skin  without  spine,  m  from  a 
spine,  iv  and  v  from  a  single  spine;  leg  plate  with  two  small  setae;  on  joint  12  a  single 
forked  dorsal  spine  bearing  tubercles  t  of  the  two  sides,  u  from  the  skin  as  on  the  other 


Fig.  33.— Tlie  New  Mexico  range  caterpillar:  Larva,  first  stage.    Highly  magnified.    (Original.) 

segments;  on  joint  13  a  single  forked  dorsal  spine  posteriorly,  single  subdorsal  an- 
terior, single  lateral,  none  from  the  skin.  On  the  mesothorax  and  metathorax 
tubercles  ia  and  ib  on  a  single  forked  spine,  iia  and  iib  on  another,  m  and  v  on 
single  spines.  On  the  prothorax  two  forked  spines  on  the  anterior  margin  of  cervical 
shields  and  one  seta  from  the  skin  posteriorly;  a  forked  spine   bearing  two  setae 
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represents  the  prespiracular  tubercle;  a  single  seta  on  a  spine  subventrally.  Anal 
plate  black,  with  setse  but  no  spines.  There  are  no  secondary  hairs  and  no  marldngsi. 
Stage  II  (fig.  34). — Head  rounded,  black,  with  white  setae;  width  about  1.2  nun. 
Body  subcylindrical,  uniform  dark  brown,  with  a  number  of  small  whitish  Becondan* 
dots  from  which  arise  small  pale  hairs.  Thoracic  feet  moderate,  the  abdominal  ones 
equal,  tapered,  with  thick  bases,  the  anal  pair  with  large  triangular  plates.     Spines 


Fio.  34.— The  New  Mexico  range  caterpillar:  Larva,  second  stage.    Greatly  enlarged.    (Origtiial.) 

rather  short,  all  about  the  same  length,  situated  in  the  positions  of  the  spines  of  the 
first  stage,  each  with  several  short  branches  or  notches  bearing  fine  setae ;  the  sub- 
dorsal spines  on  joints  3  and  4  have  several  of  these  branches  modified  into  quilU 
with  short  sharp  points,  which  are  the  urticating  spines.  They  are  developed  in  thi? 
stage  only  on  the  subdorsal  spines  of  joints  3  and  4  (mesothorax  and  metathorax),  and 
only  three  on  each  spine. 

Stage  III  (fig.  35).— Head  rounded,  higher  than  wide,  smooth,  shining  reddish- 
black;  setae  coarse,  white,  a  few  secondary  ones  near  the  ocelli;  width  about  1.8  mm. 


Fig.  35.— The  New  Mexico  range  caterpillar:  Larva,  third  stage.    Greatly  enlarged.    (Original.) 

Body  subcylindrical,  uniform;  feet  equal,  the  anal  pair  with  large  triangular  platen. 
all  the  log-plates  seUwe.  Skin  brown,  with  a  number  of  secondary  pale-yellow  gran- 
ules bearing  whitish  hairs.  A  faint  yellowish  subdorsal  line  in  which  the  granules 
are  denser  than  elsewhere.  Subdorsal  spines  of  joints  3  and  4  short  and  dense,  the 
others  slender  with  sparse  branches.  The  sparse  branches  bear  setce,  the  short  dens»e 
ones  have  short  pointed  tips,  and  are  the  urticating  spines.  Spines  and  spinule? 
mostly  black. 

Stage  /P'(fig.  36).— Head  rounded,  higher  than  wide,  flat  in  front,  clypeus  small; 
smooth,  shining,  black  or  blackish  red.     Hairs  coarse,  white,  a  number  of  secondare* 


Fig.  36.— The  New  Mexico  range  caterpillar:  Larva,  fourth  stage.    Much  enlarged.    (Original.) 

ones  about  the  region  of  the  ocelli;  mouth-parts  and  antennae  black.  Width  about  3.5 
mm.  Body  cylindrical,  equal,  normal,  the  feet  equal,  the  crochets  of  the  abdominal 
feet  long,  in  a  line.  Yellowish,  shaded  with  blackish;  the  secondary  hairs  arisine 
from  large,  yellow,  flattened  granules,  so  numerous  as  to  cause  the  general  yellow 
appearance;  a  faint,   geminate,  dorsal,  more  distinct  subdorsal,  narrow  lateral,  and 
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subventral  lines,  produced  largely  by  an  increased  number  of  granules  in  those 
r^ons;  secondary  hairs  small,  white.  Thoracic  feet  and  anal  shiel/i  black,  the  outer 
sides  of  the  abdominal  feet  dusky.  Spines  of  the  subdorsal  row  on  joints  2  to  12 
short,  with  dense  black  spinules,  die  lateral  and  subventral  rows  longer,  slender,  with 
scattered  pale  spinules.    Spiracles  white,  ringed  with  black. 

Stage  F(fig.  37).— Head  rounded,  higher  than  wide,  flat  in  front,  clypeus  small; 
smooth,  shining  dark  red,  or  black.  Hairs  coarse,  white,  intermixed  with  shorter 
but  similar  secondary  ones  even  to  the  vertex;  mouth  parts  and  antennse  black. 
Width  about  5  mm.     Body  cylindrical,  uniform,  normal,  the  feet  equal,  the  crochets 


FiQ.  37.— The  New  Mexico  range  caterpillar:  Larva,  fifth  stage.    About  natural  size.    (Original.) 

of  the  abdominal  feet  dense,  in  a  single  line.  Ground  color  yellow,  grayish  yellow, 
or  black,  densely  covered  with  large,  flattened,  secondary  yellow  granules,  so  that  the 
general  effect  is  yellow,  subdorsal  and  lateral  lines  of  granules  indistinctly  relieved. 
Thoracic  feet  and  anal  plate  black;  abdominal  feet  darkly  shaded.  Secondary  hairs 
short,  pale.  Subdorsal  spines  on  joints  3  to  12  short,  single  on  joints  12  and  13,  no 
spines  on  the  anal  plate;  lateral  row  of  joints  2  to  13  and  subventral  row  on  joints  2  to 
12  besides  lower  subventral  row  on  joints  2,  3,  4,  and  11  longer,  slender,  with  more 
remote  spinules.  Spinules  of  the  subdorsal  row  black,  with  central  pale  band,  the 
other  spinules  largely  pale.    Spiracles  white,  with  a  black  ring. 

THE   PUPA. 

Pupa  (fig.  38)  rounded,  elliptical,  obtected,  with  three  movable 
incisures.  The  female  pupa  is  thickest  through  the  middle  and 
tapers  round edly  both  ways,  only  a  little  more  obtusely  so  on  the 
anterior  end.  The  male  pupa  is  thickest  through  the  thoracic 
r^on  and  tapers  decidedly  posteriorly,  being  bluntly  rounded  in 
front.  The  antennal  cases  are  very  large  in  both  sexes,  those  of 
the  female  only  a  little  smaller  than  those  of  the  male.  Cremaster 
a  blunt,  corrugated  prominence  bearing  a  group  of  long  spines  with 
thickened,  recurved  or  partly  curled  tips,  which  become  firmly 
entangled  in  the  web  of  the  cocoon. 

THE   ADULT   OR   MOTH. 


FiQ.38.— TheNew 
Mexico  range 
caterpillar: 
Pupa,  lateral 
view.  Enlarged. 
(Original.) 


Male  (figs.  39  and  40).  — Antennae  with  long  pectinations,  a  pair 
on  each  segment  arising  well  toward  the  dorsal  aspect,  strongly 
curved,  the  tips  directed  downward;  a  row  of  single,  short,  overlapping,  ventral 
serrations.  Wings  rather  short  and  broad.  Head  and  thorax  covered  with  dense, 
long  hair,  gray  or  clay  colored,  intermixed  with  gray  and  underlaid  by  dull  crimson. 
Abdomen  red,  varying  from  orange-red  to  red-brown,  darker,  more  crimson  at 
base,  occasionally  intermixed  with  black.  Wings  generally  light  clay  color,  almost 
whitish,  the  fore  wing  crossed  by  two  broad,  shaded  and  diffused,  paler  and  more 
whitish  bands;  discal  mark  narrow,  devoid  of  scales,  more  or  less  stained  with 
ocherous  and  often  surrounded  by  a  darker  ring.  The  color  of  the  fore  wing  varies 
considerably  and  may  be  even  of  a  rather  dark  gray,  in  which  case  the  transverse 
bands  are  more  strongly  relieved.    Hind  wing  generally  without  markings,  though 
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occasionally  there  are  traces  of  a  dusky  mesial  band.    The  wings  are  not  tinted 
with  rose  except  sometimes  at  the  base  of  the  fore  wing.    Beneath,  the  wings  are 


% 


Fio.  33.— The  New  Mexico  range  caterpUlar:  Male  moth  and  wing  venation.    Enlarged,  venaUon  more 

enlarged.    (Original.) 


FiQ.  AQ.—HemUeuca  oiivix:  Male  genitalia;  a,  dorsal  aspect;  6,  ventral  aspect,  penis  retract;  c,  ventral 
aspect,  penis  extended;  d,  lateral  aspect;  e,  terminal  aspect.    (Original.) 

without  markings,  the  costa  of  the  fore  wing  and  the  veins  stained  with  bright 
ocher,  the  cell  shaded  with  a  rosy  tint,  the   outer   area  somewhat  shaded  with 
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brownish;  hind  wing  immaculate.  Thorax  and  abdomen  beneath  clothed  with  long 
hair  which  varies  in  color  from  gray  to  blackish  gray,  more  or  less  tinted  with  ocherous. 
Legs  bright  dark  ocherous.    Expanse  of  wings,  45  to  55  mm. 

Female  (figs.  41,  42). — Antennae  short,  thickened,  each  segment  with  a  short  serra- 
tion on  each  side,  the  ventral  line  slightly  carinate.  Thorax  as  in  the  male.  Ab- 
domen of  a  duller  red  than  in  the  male,  less  densely  hairy,  the  yellow  integument 
showing  at' the  incisures.  Wings  darker  than  in  the  male,  clayey  brown  or  grayish 
brown,  rarely  with  rosy  tint  throughout,  the  li^es  pale,  diffused,  narrower  than  in 


FiQ.  41.— The  New  Mexico  range  caterpillar:  Female  moth,  wing  venation,  and  details  of  antennae, 
larged,  venation  more  enlarged,  anterinal  joints  greatly  enlarged.    (Original.) 


En- 


the  male;  discal  mark  the  same.  Hind  wing  as  dark  or  somewhat  darker  than  fore 
wing,  uniform  brownish,  generally  rosy  tinted,  the  fringe  of  both  wings  pale.  The 
veins  of  both  wings  have  a  slight  tendency  to  be  lined  with  ocherous  and  the  costa 
is  more  or  less  distinctly  washed  with  that  color,  though  not  with  a  distinct  ocherous 
stripe.  Beneath,  the  body  is  blackish  gray,  the  segments  banded  with  whitish. 
Wings  uniformly  colored,  the  cell  of  fore  wing  rosy  shaded,  the  costse  and  veins  of 
both  wings  washed  with  ocherous.     Expanse,  55  to  65  mm. 

LIFE  HISTORY  AND  HABITS. 

THE   EGGS. 

0VIP08ITI0N. 

The  usual  time  for  depositing  the  eggs  is  in  the  early  part  of  the 
day,  with  the  climax  about  9  or  10  o^clock  in  the  forenoon.  The 
female  has  mated  during  the  evening  previous,  and  as  soon  as  the 
mormng  air  grows  warm  she  selects  a  stem  of  weed  or  grass,  of  suffi- 
cient diameter  and  free  from  irregularities  if  possible.  Taking  her 
position  on  this,  within  an  inch  or  two  of  the  ground,  usually,  she 
first  places  a  ring  of  eggs  about  the  stem,  attaching  them  both  to 
each  other  and  to  the  stem.  On  this  for  a  foundation  she  proceeds 
to  deposit  her  supply  of  eggs  in  the  form  of  a  cylinder  (fig.  32 ;  Plate 
III,  fig.  3),  placing  them  entirely  by  the  delicate  sense  of  touch  resid- 
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ing  in  the  tip  of  the  ovipositor.  Every  40,  50,  or  60  seconds  the 
pendent  abdomen  of  the  moth  is  slowly  brought  forward  and  upward, 
and  the  extensile  tip  of  the  ovipositor  explores  the  ins  and  outs  of 
the  upper  edge  of  the  egg-mass  until  the  proper  notch  is  discovered, 
and  is  held  there  for  a  few  seconds  while  the  next  egg  is  forced  down 
the  oviduct  into  place.  Then  the  abdomen  is  carefully  lowered  and 
the  insect  remains  motionless  for  more  than  half  a  minute  while  the 
egfr  dries  and  becomes  fixed.  The  operation  of  placing  the  entire 
supply  of  eggs  occupies  normally  or  under  favorable  circumstances 
nearly  two  hours.  The  length  of  time  required  depends  almost 
wholly  on  the  weather,  for  moths  have  been  ob- 
served more  than  once  during  a  driving  snow- 
storm, nearly  buried  in  snow,  late  in  the  after- 
noon, painfully  and  with  the  utmost  dilBBculty 
striving  to  complete  the  morning's  task  of  pro- 
viding for  posterity  before  the  increasing  cold 
should  render  it  hopelessly  impossible. 

As  the  eggs  pass  from  the  oviduct  they  are 
coated  with  a  brown  viscid  substance  that  server 
not  only  to  attach  them  firmly  to  each  other  and 
to  the  central  stem,  but  may  also  be  necessary  in 
protecting  them  from  the  changes  of  the  weather 
during  the  nine  months  that  they  remain  exposed 
out  of  doors.  This  brown  coating  dries  in  a  few 
seconds  to  a  brownish  pink  with  a  pearly  luster 
that  gradually  fades  under  the  long-continued  ac- 
tion of  the  elements.  The  eggs  are  so  fimdy 
cemented  by  this  substance  that  the  cylinder 
easily  keeps  its  form  after  the  stem  around  which 
it  has  been  built  is  withdrawn. 

The  number  of  eggs  deposited  by  a  female 
varies  exceedingly,  and  the  conclusion  has  been 
reached,  after  repeated  observations,  that  the 
number  depends  much  upon  the  favorable  or 
unfavorable  food  conditions  under  which  the 
larvae  live.  Moths  produced  from  caterpillars  reared  on  rank  grass 
contain  twice  or  tliree  times  the  number  of  eggs  of  those  from 
starved  larvae.  A  dissection  of  fourteen  chrysalids  and  freslily 
emerged  females  gave  the  following  egg  counts:  60,  97,  76,  118,  112, 
97,  97,  90,  177,  162,  122,  113,  129,   140. 

The  females  evidently  oviposit  near  where  they  emerge  and  mate, 
with  the  exception  of  the  large  contingent  that  emigrates  unmated. 
The  male  frequently  spends  the  day  where  mating  took  place  and 
remains  motionless  long  after  the  female  has  placed  her  eggs  and 
flown  away.     (See  Plate  IV,  fig.  1.) 


Fig.  42.— The  New  Mexico 
range  caterpillar:  Female 
moth  In  characteristic 
resting  attitude.  En- 
larged.   (Original.) 
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Fig.  1.— ^tALE  MdtHS  of  the  New  Mexico  Range 
Caterpillar  Resting  During  the  Day  on  Stem  of 
Wild  Sunflower.    (Original.) 
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Fig.  2.— Hatching  of  the  Eggs  of  the  New  Mexico  Range  Caterpillar.    Size 
OF  Larv/€  Indicated  by  Metric  Rule  Beneath.    (Original.) 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQIC 


THE  NEW   MEXICO  KANGE   CATEBPILLAE,  71 

LOCATION  OF  THE   EOO>M ASSES. 

The  egg-masses,  the  characteristic  appearance  of  which  is  well 
shown  in  figure  32,  and  in  Plate  III,  figure  3,  are  exceedingly  numer- 
ous on  many  parts  of  the  range.  They  are  frequently  placed  in  close 
proximity  to  each  other,  and  as  many  as  six  and  eight  clusters  have 
been  counted  on  the  stems  of  a  single  small  sod  of  grass.  Numerous 
instances  have  been  observed  where  a  single  stem  has  furnished  sup- 
port for  three  or  four  egg-masses,  each  female  as  she  arrives  con- 
tinuing the  cylinder  previously  begun,  until  the  aggregate  length  of 
the  masses  is  sometimes  2  and  even  3  inches. 

It  is  a  curious  fact  that  few  of  the  eggs  are  placed  upon  the  food 
plants  of  the  young  caterpillars,  but  they  are  placed  upon  any  plant 
that  aflFords  the  necessary  support  for  the  egg  cylinder,  regardless  of 
the  needs  of  the  larvae. 

HATCHING. 

(Plate  IV,  fig.  2.) 

All  the  eggs  in  a  single  cluster  are  opened  by  the  larvae  within  at 
about  the  same  time.  The  first  sign  of  internal  activity  is  a  very 
small  hole,  like  a  minute  pin  prick,  in  the  vicinity  of  the  micropyle. 
This  opening  is  made  by  a  thrust  of  the  mandible  from  within  and 
is  enlarged  very  deliberately,  the  operation  often  requiring  two  or 
three  days.  The  dense  structure  of  the  shell  offers  much  resistance 
to  the  tiny  jaws,  so  that  a  passage  large  enough  for  exit  is  bitten 
through  with  difficulty.  An  entire  day  will  often  pass  without  any 
perceptible  gain  in  the  opening,  but  eventually  it  is  completed,  for 
very  few  larvae  die  in  the  shell. 

That  the  thick  shell  of  the  egg  is  highly  protective  for  the 
unhatched  larvae  is  shown  by  the  fact  that  clusters  of  eggs  dipped 
in  alcohol,  as  well  as  others  kept  for  several  days  in  fresh  cyanide 
bottles,  all  hatched,  having  evidently  been  uninjured  by  this  drastic 
treatment. 

The  imprisoned  larvae  seem  very  timid  and  will  rarely  make  a 
move  either  to  enlarge  the  opening  or  to  escape  from  the  egg  whUe 
under  observation. 

When  the  aperture  in  the  egg  has  been  enlarged  untU  it  corresponds 
nearly  to  the  size  of  the  face  plate,  which  is  the  only  rigid  and  unelastic 
part  of  the  larva,  the  head  is  withdrawn  from  its  position  before  the 
opening,  the  caudal  end  is  thrust  out,  and  little  by  little  the  tiny 
prisoner  makes  its  escape.  Not  infrequently  the  face  plate  fits  the 
doorway  so  snugly  that  a  protracted  struggle  is  necessary  before  the 
head  can  be  extricated. 

33803— Bull.  85,  pt  5—10 3 
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Occasionally,  but  not  often,  the  head  is  thrust  from  the  shell  at 
the  beginning  of  the  exit  and  the  body  quickly  follows. 

The  long  hairy  tips  of  the  thoracic  tubercles  fall  forward  over  the 
face  when  the  body  emerges  first,  but  become  erect  as  soon  as  the 
moisture  dries  away. 

The  date  of  larval  emergence  seems  to  vary  widely  with  the  season. 
No  definite  information  is  obtainable  prior  to  1908,  but  during  that 
year  the  first  larvae  were  noticed  about  the  middle  of  June.  It  is 
said  that  in  1907  they  appeared  not  far  from  July  1.  In  1909  they 
began  to  emerge  about  May  20,  and  continued  to  appear  until  after 
July  1.  The  date  of  oviposition  may  govern  the  time  of  hatching, 
but  the  character  of  the  season  is  without  doubt  a  more  potent  factor 
in  this  matter. 

Dissection  of  the  eggs  at  various  times  after  oviposition  has  shown 
that  the  embryo  forms  within  a  few  weeks,  and  that  months  before 
they  emerge  the  larvae  are  lying  within  the  shells,  fully  formed  and 
ready  to  appear  at  any  time  when  external  conditions  will  permit. 

When  removed  from  their  New  Mexican  environment  the  eggs 
hatch  much  before  the  normal  time.  A  large  number  that  were 
gathered  late  in  October,  1908,  and  taken  to  .Washington,  D.  C, 
began  to  hatch  by  December  22,  at  least  five  months  before  similar 
eggs  hatched  in  New  Mexico  in  the  following  spring. 

A  handful  of  egg  clusters  gathered  from  the  mesa  in  Colfax  County, 
N.  Mex.,  March  7,  1909,  and  taken  to  the  vicinity  of  Las  Cruces, 
N.  Mex.,  400  miles  farther  south  and  2,500  feet  lower,  began  to  hatch 
on  AprU  10,  though  kept  in  a  cool  room. 

The  excess  of  moisture  that  prevails  in  Washington  might  be  sup- 
posed to  account  for  the  premature  appearance  of  the  larvae  in  that 
city,  but  the  atmosphere  at  Las  Cruces  is  probably  as  lacking  in 
moisture  as  is  that  in  northern  New  Mexico.  In  both  these  instances 
the  change  of  altitude  may  have  had  some  importance  as  a  factor  in 
hastening  the  larval  emergence.  Several  clusters  of  eggs  were  under 
observation  and  the  young  larvae  appeared  to  have  some  trouble  in 
hatching,  but  when  the  writer  moistened  the  egg  with  warm  water 
the  larvae  in  the  shells  became  much  more  active  and  seemed  to  be 
able  to  gnaw  their  way  through  the  shell  without  difficulty.  This 
shows  the  probable  effect  of  warm  showers  on  the  range  in  facilitat- 
ing the  hatching  and  perhaps  preventing  many  fatalities  among  the 
unhatched  larvae. 

The  interior  of  the  egg  at  oviposition  is  filled  with  a  thin  reddish- 
brown  fluid.  As  the  embryo  develops  this  fluid  thickens  and  becomes 
less  noticeable  until  it  has  nearly  disappeared,  when  the  larva  emerges. 
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THE   LARV^. 

HABITS  OP  THE  YOUNG  LARV^. 


The  young  larvae,  when  they  emerge  from  the  egg,  are  a  dull  brick- 
red.  This  color  changes  in  a  few  hours,  becoming  very  dark,  nearly 
black.  They  are  quite  sluggish  at  first,  but  are  somewhat  positively 
phototropic  and  show  a  tendency  to  colonizie  on  the  side  of  the 
cylindrical  egg  cluster  that  is  most  exposed  to  the  light. 

Their  emergence  is  gradual  and  usually  a  day  or  two  is  required 
for  all  the  inmates  of  a  single  cluster  to  appear.  The  newly  emerged 
larvae  are  conspicuous  red  individuals  among  a  mass  of  darkened 
forms.  As  their  numbers  increase  they  give  to  the  immediate  land- 
scape a  peculiar  appearance,  for  they  show  as  little  black  balls  here 
and  there  on  grass  sods  and  weed  stems.  Their  favorite  exercise  is 
to  raise  the  front  half  of  the  body  free  and  wave  it  to  and  fro  a  number 
of  times,  somewhat  rapidly. 

When  kept  in  confinement  they  often  spin  a  carpet  of  silk  over  the 
surface  of  the  eggshells,  but  this  is  seldom  seen  out  of  doors. 

For  several  days  after  hatching  the  young  caterpillars  remain 
massed  about  the  remains  of  the  eggs  (PL  IV,  fig.  2),  feeding  occa- 
sionally on  the  empiy  shells.  They  are  continually  in  slight  motion, 
their  black,  shiny  bodies  glistening  in  the  sunlight  as  they  constantly 
change  places.  The  group  gradually  breaks  up  as  the  earlier-hatched 
ones  string  away  from  the  parent  colony  in  processions  of  20,  30,  or 
40.  These  move  in  single,  double,  and  triple  file,  the  inequalities  of 
the  ground  compelling  constant  changes  in  formation. 

This  processional  habit,  better  known  and  more  exhaustively 
studied  in  the  well-known  and  widely  distributed  species  Hemileuca 
maia  Dru.,  is  very  amusing  and  is  persisted  in  until  the  third  larval 
instar,  after  which  the  individuals  appear  much  annoyed  at  the  near 
approach  of  a  neighbor,  large  or  small.  The  processions,  as  they 
move  about  on  the  mesa,  seldom  go  in  straight  lines,  but  are  guided 
apparently  by  the  caprice  of  the  one  that  happens  to  be  in  the  lead. 
There  is  no  rest  for  the  leader,  for  if  it  happens  to  pause  for  a  moment, 
the  movement  from  the  rear  compels  progress,  and  off  the  line  goes 
again,  toiling  across  the  surface.  Often  the  leader  ascends  a  grass 
blade,  reaching  the  top,  swings  about,  catches  the  nearest  blade  if 
within  reach,  if  not,  goes  down  the  other  side  while  the  procession  is 
still  passing  up.  These  parties  often  subdivide,  and  if  they  come 
upon  another  lot  during  their  rambles  the  two  processions  may 
coalesce.  Removal  of  the  temporary  leader  seems  to  produce  no 
perceptible  effect  on  their  movements,  and  in  no  case  does  there  seem 
to  be  any  definite  goal  in  sight.  The  column  will  often  ''ball  up," 
remain  in  a  black  mass,  sometimes  an  inch  or  more  in  diameter,  oix  a 
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weed  or  grass  stem,  then  gradually  grow  restless,  get  in  motion  again, 
and  resume  the  line  of  march. 

At  rare  intervals  they  pause  long  enough  to  eat  a  few  mouthfuls 
of  grass,  but  one  may  often  watch  these  parades  for  hours  and  not 
see  one  of  the  young  travelers  stop  for  a  single  bite.  Not  infre- 
quently larv»  of  different  ages  will  join  the  same  procession.  More 
or  less  silk  is  spun  in  the  track  of  the  moving  line  at  times  and  this 
tenuous  silken  trail  may  aid  in  maintaining  the  continuity  of  the 
procession.  If  by  any  chance,  as  sometimes  happens,  half  a  dozen 
or  more  become  separated  from  their  companions,  they  eagerly  join 
any  procession  they  can  find  in  their  neighborhood.  Indeed,  during 
the  first  month  of  larval  Ufe  the  young  are  exceedingly  gregarious 
and  generally  refuse  food  when  placed  alone. 

On  July  30,  1909,  a  single  very  much  belated  newly  hatched  larva 
was  found  on  Bouteloua,  and  an  effort  was  made  to  rear  it.  But, 
although  furnished  with  ample  food,  its  meals  were  brief  and  it  was 
forever  on  the  move,  looking  for  company.  It  died  August  9,  "in 
the  midst  of  plenty,"  apparently  normal  and  healthy,  but  unable  to 
find  the  companionship  for  which  it  had  searched  for  ten  long  days. 

During  the  nights,  which  are  almost  always  very  cool  at  this  alti- 
tude, the  young  gather  in  a  ball  on  some  convement  stem  and  remain 
in  masses,  but  are  uneasy  until  the  warmth  of  the  morning  starts 
them  off  for  another  day's  "tramp." 

HABITS   OF  THE   OLDER  LARViB. 

The  more  mature  larvae  are  wasteful  eaters,  biting  off  and  dropping 
many  grass  blades  that  they  do  not  use.  In  the  dry  weather  that 
prevails  on  many  parts  of  the  range,  the  blades  of  the  Bouteloua  and 
other  food  grasses  are  rolled  up  automatically  into  a  tight  cylinder 
to  prevent  too  much  evaporation.  The  larvae  usually  bite  off  and 
drop  the  pointed  tip,  beginning  to  eat  an  inch  or  so  below  the  apej 
of  the  blade,  taking  everytliing  to  the  root.  The  grass  is  swaUowed 
in  rather  coarse  fragments  and  when  voided  is  but  Uttle  changed  by 
digestion,  much  of  the  chlorophyl  still  remaining  in  the  cells. 

The  jaws  are  powerful,  for  their  food  is  leathery  and  nearly  juice- 
less,  requiring  a  strong  bite.  Several  times  while  in  captivity  the 
larvse  have  eaten  quite  a  piece  of  heavy  linen  paper,  their  mandi- 
bles snipping  through  the  firm  edge  of  the  sheet  with  an  audible 
cUck. 

As  a  rule  the  larvae,  especially  in  the  earUer  instars,  are  shy  feeders, 
and  the  presence  of  a  person  in  their  vicinity  is  generally  a  signal  to 
suspend  all  operations  for  the  time  being  and  to  remain  perfectly 
motionless.  They  sometimes  display  their  annoyance  at  the  in- 
truder by  a  curious  series  of  body  motions,  throwing  themselves 
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from  side  to  side  sharply,  supporting  the  weight  on  the  rear  legs, 
the  head  and  thoracic  legs  being  drawn  beneath  the  curve  of  the 
arched  body. 

In  the  more  mature  instars,  particularly  the  fifth,  they  lose  some 
of  their  fear,  and  will  sometimes  eat  quietly  while  being  examined 
under  a  lens. 

MOLTING. 

When  ready  to  molt  the  larva  ascends  a  suitable  stem,  preferably 
the  dead  stem  of  a  weed,  and  hangs  head  downward  until  the  skin 
has  been  shed.  Previous  to  suspension  it  usually,  though  not  always, 
spins  a  Ught  coating  of  silk  upon  the  stem,  and  the  booklets  of  the 
posterior  prop-feet  are  firmly  attached  to  this  web  during  the  process 
of  molting.  The  attitude  assumed  is  Uke  an  inverted  interrogation 
point,  the  head  being  drawn  under  the  outcurved  body. 

If  disturbed  during  the  earlier  stages  of  the  operation  the  larva 
will  manifest  its  annoyance  by  repeated  quick  jerks  of  the  body 
from  side  to  side,  but  no  abuse  however  persistent  will  force  it  to 
abandon  its  hold  on  the  silk  when  once  established. 

The  character  of  the  weather  is  an  important  factor  at  this  critical 
period  of  the  larval  life,  and  a  cloudy  or  stormy  day  or  two  will  mate- 
rially delay  the  molting.  Larvse  have  been  seen  to  hang  for  several 
days  waiting  for  favorable  conditions,  but  molting  usually  takes 
place  within  an  hour  or  two.  The  larva  suspends  itself  in  the  early 
morning,  or  the  previous  evening,  and  before  noon  the  skin  is  shed 
and  the  newly  emerged  caterpillar  is  drying  in  the  sunshine. 

The  first  noticeable  step  in  the  molting  process  is  the  inflation  of 
the  first  thoracic  segment,  by  which  the  head  is  thrust  forward  and 
the  spines,  that  normally  droop  cephalad,  stand  stiffly  erect.  The 
segment  is  twice  its  usual  length  at  this  time. 

After  hanging  motionless  for  some  time,  except  for  slight  move- 
ments of  the  muscles,  a  regular  rhythm  is  to  be  noticed,  waves  of 
motion  that  come  slowly  down  the  body  to  the  head.  As  these  pul- 
sations continue,  the  thoracic  region  gradually  inflates,  and  the  larval 
skin  separates  from  the  body,  until  after  fifteen  or  more  waves,  fol- 
lowing each  other  at  intervals  of  ten  seconds,  the  paperUke  skin 
oi)ens  along  the  side  of  the  thorax  and  one  gets  the  flash  of  fresh  yel- 
low rosettes  of  bristles  emerging  through  the  rent.  The  head  is  at 
once  withdrawn,  and  in  a  few  seconds  the  larva  moves  away,  brave 
in  its  panoply  of  ghttering  yellow  spines,  which  in  the  course  of 
twenty-four  hours  turn  dark.  The  face  plate  of  the  cast  skin  some- 
times adheres  and  remains  with  the  skin,  but  more  often  is  pushed 
loose  and  falls  to  earth. 

During  the  drying  period,  after  emergence,  the  fresh  larva  has 
often  been  seen  to  bend  its  head  back  over  the  body  and  roll  the  two 
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halTes  of  the  bo<ly  thus  brought  in  contact,  repeating  this  many 
times  as  if  much  pleasure  was  derived  from  the  singular  action. 

LENGTH  OP  LABVAL  8TAOE8. 

Repeated  attempts  wert  made  during  the  sunmier  of  1909  to  rear 
Hemileuca  in  confinement  and  secure  data  as  to  the  length  of  the 
various  instarR,  five  in  number.  Without  exception,  these  eflForts 
proved  failures,  and  for  a  number  of  reasons,  some  of  which  may  be 
mentioned  here. 

As  has  been  related  elsewhere,  the  very  young  larvae  are  almost  con- 
stantly on  the  move,  and  any  interference  with  their  native  liberty 
is  resented.  Witliin  the  Umits  of  such  cages  as  could  be  devised  from 
scanty  materials,  these  peripatetic  caterpillars  always  became  very 
much  dissatisfied,  and,  after  exploring  all  the  interior  repeatedly, 
would  pay  httle  or  no  attention  to  the  food  provided,  grow  listless, 
and  ultimately  starve  to  death. 

The  older  forms  were  found  to  be  extremely  particular  about  their 
food,  and  thev^  usually  rejected  such  as  was  furnished  them,  even 
though  this  was  the  best  that  could  be  procured.  YHien  allowed  to 
choose  their  own  food  under  movable  cages  placed  on  the  ground,  they 
sulked,  ate  but  httle,  and,  where  in  a  few  cases  they  finally  molted,  the 
development  was  so  abnormally  slow  that  the  record  of  the  facts  was 
wortldess. 

It  was  learned  by  observation  that  these  caterpiUars,  in  their 
native  state,  dislike  exceedingly,  and  generally  refuse  to  eat,  grass 
over  which  their  mates  have  left  the  usual  fine  trail  of  silk,  although 
later  tliis  same  trodden  grass  seems  to  become  palatable.  This 
reason  for  declining  to  feed  was  perhaps  one  of  the  main  obstacles  to 
success  when  attempting  to  rear  these  insects  in  confinement. 

Observations  made  in  the  open  appear  to  show  that  the  first  three 
instars  are  passed  in  rapid  succession,  each  one  lasting  less  than  two 
weeks.  The  fourth  instar  is  longer,  wliile  the  fifth  is  indefinitely 
long,  averaging  at  least  four  weeks.  It  is  beUeved  that  these  perio<ls, 
as  given,  are  approximately  correct. 

IRRITATING    EFFECTS   OP  LARVAL  SPINES. 

The  spines  with  which  the  larva?  are  clothed  are  quite  annoying  and 
irritating,  giving  an  effect,  when  touched,  much  Uke  that  produced 
by  the  urticating  cells  of  the  nettle.  This  irritation  often  lasts  for 
an  hour  or  two,  especially  w^ien  the  thin  skin  of  the  arm  or  wrist  is 
wounded.  The  spot  puffs  up  almost  at  once,  turns  white,  and  when 
the  swelUng  subsides,  a  brown  point  remains  for  days  or  weeks. 
Occasionally  even  the  tough  skin  of  the  finger  tips  proves  vulnerable, 
and  a  puncture  there  is  generally  very  painful. 
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The  larvae  seem  to  understand  perfectly  the  value  of  the  spmes  as 
a  means  of  defense,  for  when  they  are  grasped  in  the  fingers  they  at 
once  begm  to  twist  their  bodies  with  all  their  muscular  force  roUing 
themselves  upon  the  fingers  and  hand  to  drive  the  spines  into  the 
flesh. 

The  larvsB  often  use  these  weapons  upon  each  other,  striking 
viciously  at  times  when  two  large  caterpiUars  come  into  imexpected 
and  unwelcome  contact.  The  results  are  not  serious,  but  the  efforts 
to  wound  appear  to  be  in  real  earnest. 

ABUNDANCE   OP  LARV^. 

At  different  times  during  the  summer,  and  at  widely  separate 
points,  as  far  distant  as  30  miles,  counts  were  made  of  the  caterpillars 
present  on  a  measured  square  rod,  in  order  to  obtain  some  idea  of 
the  numbers  of  the  pests.  In  each  case  the  area  was  carefully  meas- 
ured and  marked,  and  all  the  larvae  within  the  lines  counted  as  they 
were  gathered,  so  that  the  figures  given  are  in  every  instance  secured 
by  an  actual  census.  Efforts  to  estimate  the  numbers  uniformly 
resulted  in  a  guess  much  below  the  actual  facts. 

In  a  range  pasture,  many  square  miles  in  extent,  near  Koehler,  N. 
Mex.,  a  count  made  August  17,  1909,  showed  181  nearly  full-grown, 
active  caterpillars  feeding  within  the  limits  of  a  single  square  rod. 
This  means  the  enormous  total  of  18,534,400  upon  one  square  mile. 
While  the  numbers  of  the  pests  varied  exceedingly,  it  is  well  within 
the  truth  to  assert  that  many  square  miles  in  the  neighborhood  of 
Koehler  were  as  densely  infested  as  the  square  rod  which  was  counted. 

In  the  vicinity  of  Clayton,  N.  Mex.,  a  town  situated  on  the  im- 
mense plains  that  extend  far  to  the  eastward  across  the  Texas  pan- 
handle, the  larvae  of  the  Hemileuca  attracted  so  Uttle  attention  that 
cattlemen  who  had  observed  them  in  former  years  declared  over 
their  signatures'  that  none  was  present  in  1909.  Almost  within  a 
stone's  throw  of  the  residence  portion  of  Clayton,  on  August  21,  1909, 
as  many  as  10  and  15  were  counted  to  the  square  rod,  or  a  miUion  to 
a  million  and  a  half  to  the  square  mile. 

It  might  be  noted  in  passing  that  the  failure  to  observe  the  exist- 
ence of  these  caterpillars  when  present  in  only  moderate  abundance 
is  not  wholly  due  to  lack  of  trained  powers  of  observation,  for  the 
colors  of  soil  and  vegetation  afford  a  certain  amount  of  protection 
against  discovery. 

July  2,  1909,  on  two  adjacent  clumps  of  bunch  grass  (SporoholtLS 
airoides)  on  the  C.  S.  ranch,  17  miles  from  Springer,  the  caterpillars 
seemed  niunerous  and  were  counted.  On  one  cliunp  117  were  feed- 
ing, on  the  other  128.  These  clumps  were  20  to  24  inches  across  and 
stood  3  feet  apart.     Three  instars  were  represented  on  this  grass. 
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On  August  24,  1909,  12  nearly  full-grown  caterpiUars  were  counted 
upon  a  single  square  foot  beside  the  road  from  Cimarron  to  Springer. 
Near  by,  in  a  C.  S.  ranch  pasture,  1  square  rod  gave  a  coimt  of  196, 
or  over  20,000,000  to  the  square  mile.  August  30,  in  another  pasture, 
two  miles  from  this  last  count,  an  area  of  average  infestation  showed 
126  to  the  square  rod. 

By  a  very  conservative  estimate,  the  total  infested  area  in  1909  was 
at  least  15,000  square  miles.  It  may  have  been  much  greater.  With 
an  average  of  10  caterpillars  to  the  square  rod  (a  conservative  esti- 
mate) the  total  number  of  the  pests  would  reach  1,536,000,000.  The 
investigations  of  the  past  two  years  would  seem  to  show  that  nearly 
all  the  caterpillars  reach  the  adult  stage.  Supposing  that  two-thirds 
become  moths,  there  would  be  a  bilhon  moths,  more  than  one-third 
of  which  would  be  females,  each  capable  of  depositing  from  100  to  150 
eggs.  A  little  calculation  will  convince  anyone  of  the  tremendous 
possibiUties  for  harm  which  the  figures  given  above  involve — ^figures 
that  have  not  been  made  at  random,  or  hastily. 

In  connection  with  the  vast  numbers  of  these  caterpillars  their 
size  must  also  be  borne  in  mind.  The  full-grown  larv»  frequently 
measure  2^  inches  in  length,  with  the  diameter  of  a  man's  index 
finger.  When  moving  about  for  food  they  give  an  observer  the 
impression  of  being  larger  then  they  actually  are.  Where  they  are 
so  numerous  that  one  really  has  to  choose  his  steps  to  avoid  crushing 
these  huge,  spiny,  ugly  caterpillars  at  every  move,  the  sensation 
produced  by  them  is  peculiar  and  lasting,  especially  after  walking  for 
miles  through  their  myriads. 

FATAL  EFFECTS   OF  HEAT  ON  LARVJS. 

The  extreme  sensitiveness  of  the  larv»  of  Henuleuca  to  the  heat 
of  the  sun's  rays  was  often  noticed,  and  a  series  of  experiments  was 
undertaken  to  learn  if  this  tendency  to  avoid  the  sutfUght  arose  from 
fear  or  merely  from  dislike.  Numbers  of  individuals  of  varying  ages 
were  at  different  times  placed  on  smooth  bare  ground  that  had  been 
heated  by  the  cloudless  sun  to  a  warmth  that  was  disagreeable  to  the 
bare  hand.  As  no  thermometer  was  within  reach  the  exact  tempera- 
ture could  not  be  ascertained.  The  larvae  invariably  showed  signs  of 
distress,  almost  at  once,  and  began  to  scramble  as  rapidly  as  possible 
for  the  nearest  shelter.  In  some  cases  they  would  die  before  moving 
an  inch,  and  only  in  rare  instances  did  any  survive  where  the  distance 
to  be  traversed  equaled  24  inches.  Larvae  of  the  fourth  and  fifth 
stages  showed  greater  vitality  and  could  travel  farther  than  smaller 
forms,  but  even  they  would  always  succumb  to  the  sun's  heat  if 
compelled  to  remain  on  the  hot  earth  for  a  fraction  of  a  minute. 

July  5,  19  third-stage  larvae  were  placed  on  the  earth  12  inches 
from  the  nearest  shelter.     Several  collapsed  almost  instantly,  scarcely 


Digitized  by  VjOOQ IC 


THE   NEW   MEXICO  RANGE  CATEBPILLAB. 


79 


moving  at  all.     Only  one  or  two  of  the  most  vigorous  reached  the 
shade,  and  these  died  immediately  when  returned  to  the  sunlight. 

These  repeated  experiments  proved  conclusively 
that  the  universal  habit  of  the  species  of  seeking  a 
position  on  a  weed  or  grass  stem,  above  the  sur- 
face of  the  ground  and  if  possible  on  the  shady  side 
of  the  stem  (see  fig.  43) ,  has  been  adopted  as  a  means 
of  self-preservation. 


FOOD  HABITS   AND  FOOD  PLANTS. 


The  habit  of  ascending  any  plant  that  will  raise 
the  larvae  of  the  Hemileuca  from  the  heated  surface 
of  the  ground  has  given  the  species  the  reputation 
of  feeding  on  alfalfa,  cereals,  and  weeds  of  various 
sorts.  It  can  be  safely  asserted  that  they  eat  noth- 
ing but  grass,  and  only  the  native  grasses.  Indi- 
viduals were  at  different  times  placed  upon  timothy, 
bluegrass,  and  various  grains,  wheat,  oats,  and  bar- 
ley, but  they  refused  them  entirely. 

The  caterpillars  feed  on  most  of  the  native  grasses 
that  are  found  in  northeastern  New  Mexico,  the 
Bouteloua  group  being  their  first  choice.  The 
list  given  below  was  prepared  by  gathering  sam- 
ples of  the  grasses  on  which  these  pests  were 
actually  feeding,  and,  in  cases  of  doubt,  sending 
this  material  to  the  Department  of  Agriculture  in 
Washington  for  determination.  The  list  is  by  no  means  complete, 
but  comprises  the  main  food  plants  of  the  species. 

List  of  food  grasses  of  the  range  caterpillar  ^  Ilemileuca  olinix. 


Fio.  43.— The  New  Mex- 
ico range  caterpillar: 
Larvee  clustered  on 
weed  stem,  to  avoid 
the  heated  surface  of 
the  ground.  (Orig- 
inal.) 


Hairy  mesqiiite  grass  {Bouteloua  hirsuta). 

Grama  grass  (B.  oligostachya) . 

Racemed  Bouteloua  (Atheropogon  curti- 

pendula). 
Buffalo  grass  {Buchloe  claclyloidcs) . 
Hair-grass  dropseed  {Sporobolus  airoidcs). 
IJilaria  cenchr aides. 


Hall's  beard -grass  (Andropogon  hallii). 

Texan  timothy  (Lycurus  phleoides). 

Marsh  spike-grass  (Dislichlis  spicata). 

Silamum  jubatum. 

Blue-joint  (Agropyron  smithii). 

Ilordeum  cxspitosum. 

Brome-grass  (Bromtis  polyanthus). 


THE    PUP^. 


PUPATION. 


The  caterpillar  when  full  grown  becomes  exceedingly  sluggish  m 
its  movements,  and  for  a  day  or  two  hangs  inert  from  a  weed  stem 
or  travels  slowly  about  looking  for  a  convenient  retreat  in  which  to 
transform  to  the  pupal  state.     The  color,  chiefly  yellow  durmg  the 
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last  instar  because  of  the  multitude  of  small,  flattened,  yeUowish 
tubercles  with  which  the  body  is  covered  laterally,  now  darkens  and 
becomes  a  dingy  green  that  renders  it  very  inconspicuous  among  the 
grass.  Where  low,  bushy  weeds  abound,  as  in  most  of  the  range 
country,  the  larv»  seek  shelter  in  them,  preferring  the  smaller  weeds 
for  this  purpose.  Where  the  weeds  grow  large,  the  central  branch© 
are  selected  and  the  larv»  concentrate  there. 

The  pupating  caterpillar  soon  incloses  itself  within  an  open- 
meshed  network  or  reticulum  of  strong,  very  uneven  silk  fibers,  and 
this  web  is  usually  finished  in  twenty-four  hours.  This  is  the  only 
attempt  at  a  cocoon  made  by  very  many  of  the  larvae;  but  50  per  cent 

or  more  of  the  larvae  inclose  this  coarse 
web  in  a  closely  woven  sack  of  much  finer 
silk,  open  at  the  top.  (See  fig.  44.)  The 
structure  of  the  inner  cocoon  is  so  open 
that  the  larva  is  able  to  protrude  its  head 
and  construct  the  finer  one  outside. 

Pupation  takes  place  within  a  few  days 
or  hours  after  the  larva  has  inclosed 
itself.  Occasionally  the  larva  lies  dor- 
mant for  a  week  before  transforming,  but 
usually  the  change  takes  place  within  a 
day.  The  pupa  gradually  changes  in 
color  from  light  brown  to  a  very  dark, 
almost  black  hue,  with  dull  purplish  re- 
flections in  some  cases. 

In  locaUties  where  the  larval  food 
supply  is  insufficient  and  the  vitality  of 
the  larvae  is  low,  some  of  them  live  only 
through  the  spinning  process  and  die  with- 
out being  able  to  pupate.  The  percent- 
age that  thus  fails  to  pupate  is  difficult  to 
estimate,  but  is  probably  much  less  than 
1  per  cent. 

One  curious  fact  that  deserves  mention  here  is  the  habit,  very  com- 
mon where  the  caterpillars  have  been  numerous,  of  two  and  even 
three  pupae  occupying  the  same  cocoon.  Twin  pupae  are  met  with 
everywhere,  and  often  a  single  plant  will  contain  several  examples. 
Where  this  doubling  occurs  there  is  no  attempt  at  a  partition  in  the 
pupal  chamber,  nor  is  the  space  allowed  for  the  twins  or  triplets 
much,  if  any,  greater  than  where  a  single  pupa  lies  alone.  It  is  some- 
times possible  at  a  glance  to  detect  the  presence  of  more  than  one 
pupa  by  the  greater  density  of  the  inclosing  web,  showing  a  com- 
munity of  effort.  In  rare  instances  two  of  the  reticula  are  sur- 
rounded by  a  common  silk  sac. 


Fig.  44.— The  New  Mexico  range  cater- 
pillar: Single  cocoon  on  Outierrezia. 
Reduced.    (Original.) 
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Where  weeds  are  not  available  for  pupation,  clumps  of  grass  are 
used,  their  stems  being  often  drawn  together  by  a  mass  of  webs  until 
they  resemble  in  shape  an  Indian  tepee.  When  both  weeds  and 
grass  stems  are  wanting,  the  larvro  burrow  under  the  short  grass 
close  to  the  ground  and  draw  the  blades  together  for  what  little  pro- 
tection they  will  afford. 

The  silk  spun  into  these  cocoons  is  of  a  dirty  white  or  even  brownish 
color,  and   is  always 
lumpy  and    uneven. 

The  number  of 
pupse  that  are  packed 
away  in  the  weeds  in 
the  manner  above 
described  is  almost 
incredible.  The  so- 
called  ' '  snake- weed ' ' 
or  **  sheep  weed '^  {(ru- 
tierrezia  sp.),  com- 
mon everywhere  on 
the  range  and  a  favor- 
rite  plant  for  both 
oviposition  and  pu- 
pation, has  been  ob- 
served packed  so  full 
of  pupae  that  from  a 
plant  that  could 
easily  be  contained  in 
a  quart  measure  more 
than  fifty  pupae  have 
been  taken.  (See 
fig.  45.) 

During  September, 
1909,  large  areas,  cov- 
ering many  square 
miles,  were  observed 
in  which  all  the  weeds 
and  bunches  of  coarse 
grass  were  literally 
filled  with  the  cocoons  and  pupae  of  the  Hemileuca.  When  the 
moths  emerged  in  such  locations  they  swarmed  in  countless  numbers 
at  dusk. 

Previous  to  the  season  of  1909  nothing  was  known  definitely  con- 
cerning larval  or  pupal  history,  and  no  dates  could  be  given.  August 
18,  1909,  a  larva  was  found  in  the  vicinity  of  Koehler,  N.  Mex., 
beginning  to  spin  its  cocoon,  the  earUest  example  seen  during  that 


Fig.  4o.— Tho  Now  Mexico  range  caterpillar:  A  charasterlstic  mass  of 
cocoons  in  a  single  plant  of  CJutierrezla.    Reduced.    (Original.) 
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year.  After  that  date  pupation  very  rapidly  became  general  over  the 
entire  range  country  and  continued  until  after  September  20,  at  which 
date  a  few  larvae  were  still  found  to  be  feeding. 

Without  doubt  abundance  or  scarcity  of  food  hastens  or  retards 
the  date  of  pupation,  since  this  is  a  potent  factor  throughout  the 
whole  life  history  of  this  species  of  Hemileuca.  Near  the  foothills, 
where  showers  were  more  or  less  frequent  and  grass  abundant,  pupa- 
tion began  twelve  days  earlier  than  on  the  dry  mesa  in  the  vicinity  of 
Springer,  30  miles  distant,  where  rain  fell  but  seldom  during  the  sum- 
mer of  1909,  and  the  grass  was  correspondingly  short. 

Although  the  time  of  pupation  is  a  critical  one  in  larval  life,  con- 
ditions are  so  favorable  in  New  Mexico  during  the  summer  season 
that  very  few  out  of  the  millions  that  undergo  the  ordeal  fail  to  pass 
it  successfully.  The  singularly  dry  air  with  its  warm  day  tempera- 
ture seems  to  afford  exactly  the  conditions  that  are  needed. 

LENGTH   OP  PUPAL  STAGE. 

The  duration  of  the  pupal  stage  varies  greatly,  owing  to  causes 
not  wholly  explained.  Several  individuals,  taken  and  kept  in  con- 
finement from  the  time  the  caterpillar  was  full  fed,  disclosed  adults 
within  about  five  weeks  after  the  pupa  was  formed. 

Others  again,  kept  under  very  similar  surroundings,  remained  as 
pup8B  for  seven  and  eight  weeks,  even  longer  in  a  few  instances.  No 
moths  emerged  in  less  than  five  weeks,  and  this  period  must  be  taken 
•as  the  minimum,  with  perhaps  nine  weeks  as  the  maximum. 

THE   MOTHS. 
EMERGENCE. 

The  great  majority  of  the  Hemileuca  moths  emerge  from  the  pupss 
early  in  the  morning,  as  soon  as  the  chill  of  night  has  gone.  Upon 
leaving  the  cocoon  they  make  their  way  at  once  to  the  upper  or  outer 
part  of  the  plant  in  which  they  have  passed  the  five  weeks  of  pupal 
life.  Clinging  to  a  stem  or  twig,  they  rock  the  body  to  and  fro,  if 
there  is  no  air  stirring,  and  rapidly  dry  their  limp  wings.  At  first  the 
wings  are  thrown  back  from  the  body  until  they  become  fij'm  and 
normal,  then  they  are  roofed  closely  over  the  back  in  the  position 
shown  in  figure  42.  This  is  the  customary  resting  attitude  of  the 
species.  The  secondaries  are  often  advanced  beyond  the  primaries 
until  the  costal  margin  shows  slightly. 

The  freshly  emerged  moths  remain  perfectly  quiet  during  the  day 
(Plate  IV,  fig.  1),  except  when,  as  occasionally  happens,  a  sudden 
gale  from  the  foothills  drives  them  to  take  shelter  in  the  lee  of  their 
plant,  for  they  seem  to  have  a  great  dislike  for  wind. 

If  the  moths  are  disturbed  on  this  first  day  of  adult  life,  the  female 
promptly  voids  the  contents  of  her  defensive  sac  (as  described  else- 
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where,  p.  87),  bringing  her  body  forward  and  up  as  she  does  so.  The 
male  will  at  first  wriggle  and  rock  his  body,  rotating  his  head  in  a  very 
peculiar  fashion,  intended  perhaps  to  inspire  terror  in  the  intruder. 
If  the  annoyance  continues  or  becomes  more  severe,  he  curls  the 
body  forward  and  ejects  the  milky  fluid  with  some  force.  When 
this  action  fails  to  remove  the  disturber,  the  moths  often  release  their 
hold,  fall  to  the  earth,  and  ^^play  possimi.'' 

They  are  with  great  difficulty  induced  to  walk  to  some  other  part 
of  the  plant  on  which  they  are  resting. 

About  4.30  in  the  afternoon  the  male  moths  begin  to  stir.  The 
antennae  wave  slightly  and  presently  the  wings  are  spread  little  by 
little  imtil  they  he  out  flat.  Soon  the  wings  are  in  rapid  vibration, 
for  a  few  seconds  at  a  time,  after  which  they  may  be  partly  folded  and 
the  moths  become  quiet  again.  But  very  soon  the  insect  grows 
wide  awake,  takes  a  few  jerky  steps,  hesitates  again,  then  nms  to 
the  top  of  the  stem  on  which  he  has  been  resting,  and  launches  him- 
self for  his  crepuscular  flight. 

The  female  is  much  more  deliberate  in  her  movements  and  rarely 
takes  to  wing  before  5  p.  m.  She  indulges  in  the  same  halting  pre- 
liminaries as  the  male,  but  when  she  finally  flies  she  rises  gradually, 
often  to  a  height  of  30  or  40  feet,  appears  to  get  her  bearings,  then 
sails  off  in  a  straight  line  from  which  she  seldom  or  never  deviates. 

For  some  imexplained  reason  many  of  the  females  fail  to  mate  where 
they  emerge,  and  these  virgin  females  are  the  ones  that  fly  to  distant 
parts  of  the  range,  carrying  their  eggs,  which  are  probably  fertilized 
by  roving  males,  and  are  deposited  in  hitherto  uninfested  regions. 
It  is  possibly  those  individuals  that  emerge  from  the  pupae  earUest 
in  the  morning  that  fly  in  this  manner,  while  the  ones  emerging 
later  remain  on  the  natal  plant  until  found  by  the  male. 

October  16,  1908,  a  number  of  females,  perhaps  20,  were  moved, 
late  in  the  afternoon,  to  one  plant  for  better  -observation.  Between 
5  p.  m.  and  dusk  every  member  of  this  colony  rose  in  the  air  and 
disappeared,  not  one  having  attracted  a  mate,  although  males  were 
numerous  all  about.  The  same  experiment  was  tried  several  times 
during  both  1908  and  1909,  with  the  same  result,  while  mated  couples 
(see  fig.  46)  were  everywhere  clinging  to  the  weeds. 

When  the  male,  hovering  in  the  air,  discovers  a  virgin  female  he 
drops  to  the  ground  or  alights  below  her  on  the  stem  and  runs  up, 
his  wings  in  rapid  vibration,  until  she  is  reached,  when  copulation 
takes  place  immediately.  Owing  to  the  predominance  in  number 
of  the  males  there  is  often  much  strife  over  the  possession  of  a  mate, 
and  frequently  six  or  more  males  are  seen  fluttering  about  a  single 
female. 

On  two  different  occasions  during  the  progress  of  these  investiga- 
tions a  male  moth  was  found  mated  with  a  spent  female  which  had 


Digitized  by  VjOOQ IC 


84 


CEREAL  AND  FORAGE  INSECTS. 


discharged  her  supply  of  eggs,  attention  having  been  first  directed 
to  them  by  the  worn  and  ragged  appearance  of  the  wings  of  the  female 
thus  found.  The  females  that  take  to  wing  before  mating  and  alight 
in  the  borders  of,  or  outside,  infested  territory,  must  necessarily  mate 
with  worn  wings,  since  their  long  flight  must  have  its  eflFect  on  their 
appearance. 

A  table  on  page  88  gives  the  results  of  a  large  series  of  dissections 
which  seem  to  prove  the  existence  of  more  males  than  females  wher- 
ever examination  was  made.  During  the  first  week  of  emergence  in 
1909  the  males  outnumbered  the  females  at  least  three  to  one. 

The  date  of  the  beginning  of  adult  emergence  in  former  years  is 
not  known.  In  1908  the  moths  are  said  to  have  appeared  about 
October  1.  In  1909  the  first  adults,  two  males,  were  seen  October 
1,  and  it  is  probably  safe  to  consider  this  as  the  average  date  of 
emergence. 


FiQ.  46.— The  New  Mexico  range  caterpillar:  Moths  mating.    Reduced.    (Original.) 

The  adults  continue  to  appear  until  the  middle  of  November, 
imless,  as  in  1909,  the  cold  and  snow  put  an  earlier  stop  to  their 
emergence.  As  far  as  can  be  learned  from  residents  of  New 
Mexico,  no  belated  Hemileucas  appear  in  the  spring,  but  all  that  faU 
to  emerge  in  the  fall  perish,  in  the  chrysalis,  during  the  winter. 

The  life  cycle  of  the  species  is  illustrated  by  figure  47. 

CHARACTER  OF  PLIGHT. 

When  fairly  on  the  wing  the  flight  of  the  Hemileuca  moths  is  strong 
and  persistent.  The  males  are  much  more  active  than  the  females, 
and  are  at  times  very  difficult  of  capture  except  by  strategy.  They 
usually  fly  near  the  ground,  movhig  across  the  country  by  a  series 
of  zigzag  back-and-forth  flights,  always  working  into  the  wind  and 
never  alighting  except  in  the  immediate  neighborhood  of  a  virgin 
female.  They  carefully  reconnoiter  every  plant,  and  fly  especially 
about  the  tallest  objects  in  the  landscape  as  they  search  closely  for 
the  female,  guided,  apparently,  by  odor.  A  person  standing  erect 
is  the  object  of  much  of  their  attention,  and  the  swarm  of  "purring" 
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males  that  gathers  about  one's  head  frequently  becomes  a  nuisance 
by  reason  of  the  persistence  of  the  moths  composing  it. 

Under  certain  conditions  the  males,  when  disturbed  in  their  search, 
will  rise  high  in  the  air  and  fly  away  in  a  straight  course,  horizontally, 
exactly  as  do  the  females. 

The  flight  of  the  females  is  very  different  from  that  of  the  males. 
From  the  moment  of  launching  from  the  weed-top  into  the  air  the 
female  seems  to  steer  a  definite  course,  and  seldom  varies  at  all  from 
the  direction  chosen  at  the  start.  This  course  is  usually  with,  or  at  a 
slight  angle  with,  the  wind,  although  some  evenings  they  will  fly 
continually  directly  across  the  breeze  or  even  against  it.  The  flight 
is  all  in  one  given  direction  as  a  rule  on  any  one  evening. 


FiQ.  47.~Dlagram  iUastrating  Ufe  cycle  of  HemUmca  olMx,    (Original.) 

How  far  the  females  travel,  carrying  their  eggs,  is  largely  a  matter 
of  conjecture,  but  as  they  fly  at  the  rate  of  8  to  10  miles  an  hour,  with 
a  somewhat-  heavy  but  strong  muscular  action,  there  seems  good 
reason  to  beUeve  that  they  traverse  long  distances  before  they  alight. 

The  fluttering  myriads  of  moths  that  appeared  during  October, 
1909,  were  present  over  very  wide  areas  in  almost  incredible  numbers, 
day  after  day.  Taking  into  account  the  fact  that  the  life  of  the 
individual  moth  rarely  if  ever  exceeds  three  days,  the  successive  multi- 
tudes, practically  undisturbed  by  enemies,  intent  solely  in  providing 
for  the  further  spread  and  increase  of  the  species,  constitute  a  menace 
to  the  entire  range  country  of  the  Southwest  that  needs  only  to  be 
seen  to  be  appreciated. 


Digitized  by  VjOOQ IC 


86  CEBEAL  AND  FORAGE  INSECTS. 


ATTRACTION   TO   UGHT8. 


Under  certain  conditions,  arising  possibly  from  the  amount  of 
moisture  in  the  air  caused  by  distant  or  passing  showers,  the  male 
Hemileuca  moths  are  attracted  to  light  during  their  nocturnal  fl^ts. 
At  times  these  moths  will  swarm  on  the  window  screens  and  then  per- 
haps not  one  will  appear  for  a  week.  In  the  village  of  Cimarron,  one 
of  the  famous  stations  on  the  old  Santa  Fe  Trail,  the  numbers  of 
these  insects  that  gathered  on  screen  doors  and  at  lighted  windows 
were  extremely  annoying.  But  this  swarming  occurred  only  two 
or  three  times  during  the  six  weeks  of  the  flight  of  the  species. 

When  attracted  to  a  lighted  window  at  night  the  moths  remain 
there,  if  undisturbed,  until  the  regular  hour  for  the  next  day's  flight, 
when  they  rouse  themselves  and  take  to  wing  as  usual.  The  moths 
confined  within  a  room  grow  restive  and  fly  just  before  sunset,  their 
instinct  informing  them  of  the  arrival  of  the  time  to  move. 


FUOHT   DURING   STORMS. 


Moths  of  both  sexes  often  fly  during  a  downpour  of  rain,  more 
especially  the  males.  Even  cold  fails  to  check  their  flight,  and  num- 
bers have  been  seen  actively  darting  about  when  the  mercury  was 
close  to  freezing  point.  In  one  or  two  instances  they  have  been  seen 
flying  during  a  snow  storm. 

Continued  cold,  however,  is  fatal  to  them.  In  October,  1908,  after 
a  series  of  snow  squalls,  when  the  ground  had  been  white  for  a  day 
ortwo,hundredsof  dead  males  were  lying  scattered  about  the  pastures. 
In  several  cases  noticed,  as  many  as  25  or  30  males  lay  dead  about  a 
single  plant  of  snakeweed  (Outierrezia  sp.)  where  they  had  taken 
refuge  from  the  storm. 

Dead  females  are  much  less  frequently  seen,  though  they  some- 
times perish  with  cold  while  endeavoring  to  oviposit. 

COLOR  AS   AFFECTED   BY  CHANGES   IN   TElfPERATURB. 

Great  and  unusual  changes  in  temperature  during  the  pupal  stagf 
appear  to  affect  to  some  extent  the  colors  of  the  adult.  October  20 
and  21,  1908,  a  fall  of  snow  on  the  infested  range  was  followed  by  ft 
temperature  several  degrees  below  freezing  point.  The  emergence  of 
the  moths  was  at  its  height  when  the  snow  came,  but  was  almost 
wholly  checked  for  several  days  by  the  cold.  When  the  weather 
again  became  warm  and  fresh  moths  appeared,  they  were  noticeably 
lighter  in  color  and  with  much  less  definite  markings  than  those  that 
ha<l  emerged  previously.  After  a  few  days  of  warm  weather,  the 
moths  as  they  emerged  possessed  their  normal  colors  and  markings. 
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Few,  if  any,  of  those  moths  that  were  livmg  when  the  snow  came 
survived  the  severe  cold,  and  the  dead  moths  were  seen  on  the 
ground  by  the  thousand;  mostly,  however,  males.  Hence  those 
that  appeared  after  the  snow  were  fresh  from  the  chrysalis. 

DEFENSIVE   METHODS. 

Every  moth  of  this  species,  when  it  emei^es  from  the  pupal  case, 
contains  within  its  abdomen  a  sac  of  defensive  fluid.  This  sac  is 
situated  near  the  tip  of  the  body  and  the  included  fluid  is  white  or 
milky  in  appearance.  If  the  moth  is  touched  or  thrown  from  its 
I>erch  to  the  ground,  its  first  instinctive  movement  is  to  throw  the 
wings  back  from  the  body  and  to  bring  the  abdomen  forward  until  its 
extremity  almost  touches  the  face.  The  contents  of  the  sac  are  then 
discharged,  sometimes  with  considerable  force,  by  a  series  of  im- 
pulses that  empty  it  entirely.  If  the  sac  has  already  been  unloaded 
the  moth  will  lie  as  if  dead  for  some  minutes  unless  the  heat  of  the 
sun  compels  it  to  seek  a  cooler  place.  Even  when  nearly  dead  from 
cold,  the  moth,  when  disturbed,  invariably  throws  back  the  wings 
and  curls  the  body  forward,  as  described. 

When  the  moment  for  flight  has  arrived,  the  moth,  if  previously 
undisturbed  since  emergence,  always  discharges  the  fluid  from  the 
sac  as  a  preliminary  act  before  taking  wing.  This  habit  aflFords  a 
method  for  determining  with  certainty  whether  any  given  moth  has 
been  in  the  air. 

The  male  always  discharges  this  fluid  before  mating,  since  he 
invariably  flies  in  search  of  his  mate.  The  female  does  not  always 
rid  herself  of  the  contents  of  the  sac  at  the  approach  of  the  male,  but 
seems  compelled  to  do  so  before  oviposition. 

It  is  one  of  the  peculiar  facts  known  of  this  species  that  it  should 
be  so  well  equipped  for  defense  against  enemies  that  do  not  appear 
to  attack  it  in  its  present  mode  of  existence.  It  may  be  a  survival 
of  defense  that  was  once  needed  and  of  habits  that  were  acquired  in 
some  previous  phase  of  its  life,  before  the  species  became  graminivo- 
rous. 

NATURAL  ENEMIES. 

INSECT    PARASITES. 

During  the  month  of  September,  1909,  large  niunbers  of  pupae  of 
Hemileuca  were  collected  and  dissected  to  ascertain  if  possible  the 
extent  and  success  of  parasitic  attack.  These  gatherings  were  made 
from  somewhat  widely  separated  parts  of  the  infested  district,  and 
probably  give  as  fair  a  general  view  of  existing  conditions  as  could  be 
obtained. 
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The  results  are  tabulated  as  follows : 

Parasiti*m  of  pupx  of  the  range  eater-pillar  (Hemileuca  olivix). 


Total  pupsp. 


500. 
1,764. 

800. 

416. 
1,300. 

200. 
20. 

5,000. 


Percentage. 


Male. 

Female. 

Living. 

I>ettd. 

Farssltes. 

303 
947 
563 
213 
675 
109 

197 
817 
237 
203 
625 

453 

1,709 

744 

402 

1,243 

182 

18 

47 
55 

56 
14 
57 
18 
o 

6 

12 

2.822 
«.4 

2,178 
43.5 

4,751 
95 

249 
5 

The  parasites  found  are  classified  as  follows: 

Pimpla  conquisitora  Say 1 

Pimph  sanguinipes^  Creae 8 

Chalets  ovata  Say  (larvae  and  pupse) 12 

Tachina  mella  Walk,  (larvse  and  pupw) 6 

Unclassified  (probably  hymenopterous) 3 

Total 30 

One  Hemileuca  pupa  contained  two  pupae  of  (ThaJcis  ovata.  Usually 
this  parasite  occurs  singly,  and  is  foimd  altogether  in  the  head  end  of 
the  host  pupa,  through  which  it  bites  an  irregular  hole  for  its  escape. 

The  Diptera-infested  pupae  contained  in  one  case  three  pupse  of 
parasites,  in  another  case  four,  while  a  deformed  Hemileuca  pupa 
contained  a  single  dipterous  larva. 

Chalcis  ovata  Say. 

The  well-known  and  widely  distributed  lepidopterous  parasite  Chalcis  ovata  Say 
(fig.  48)  is  present  in  New  Mexico,  in  limited  numbers,  and  is  to  some  extent  an 
enemy  of  the  Hemileuca.  It  attacks  the  chrysalis,  its  larva  being  found  in  the  upper 
or  head  end  of  the  pupa  of  the  Hemileuca,  and  emerges  during  October,  at  about  the 
same  time  as  the  Hemileuca  moths  appear.  The  injury  it  inflicts  seems  to  be  very 
slight.  Among  5,000  pupae  examined,  only  12  were  found  to  have  been  killed  by  this 
chalcidid.  After  its  emergence,  the  adults  of  Chalcis  ovata  are  found  in  some  abun- 
dance about  the  plants  of  Opuntia  arborescens^  or  some  closely  allied  species  of  cactus, 
but  little  seems  to  be  known  of  the  life  and  habits  of  this  parasite  in  this  region. 

Pimpla  sanguinipes  Cress,  and  P.  conquisitor  Say. 

An  examination  of  5,000  pupae  gathered  from  various  parts  of  the  range  country  dis- 
closed the  fact,  before  unsuspected,  that  two  species  of  ichneumons  were  engaged  in 
destroying  the  larvae  of  Hemileuca.  The  effect  of  these  in  checking  the  multiplica- 
tion of  these  range  caterpillars  was  exceedingly  small  and  insignificant,  as  in  the  entire 
5,000  pupae  but  9  individuals  were  found  containing  ichneumon  larvae.  Several 
adults  were  reared,  most  of  them  belonging  to  Pimpla  sanguinipes  (fig.  49).  A  srugle 
female,  however,  belonged  to  P.  conquisitor  (fig.  50).  A -hyperparasite  upon  either 
one  or  both  of  these  species  of  Pimpla  was  reared  in  some  numbers  and  determined  by 
Mr.  J.  C.  Crawiord  as  Dibrachys  sp. 

o  Larvae  large,  tapering,  nearly  filling  the  Hemileuca  pupal  case. 
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Tacbina  mella  Walk. 

Between  July  17  and  the  middle  of  August,  1909,  many  Hemileuca  larvae  were 
found  to  be  infested  by  the  eggs  of  a  dipterous  parasite.  These  eggs  were  never  de- 
posited on  the  smaller  forms  of  these  larvae,  but  always  on  those  nearly  full  grown. 


Fio.  iS.—Chalcitovata:  a,  Pupa;  b,  parasitized  pupa  of  tussock  moth  (Hemerocampaleueagtigma):  c,  adult; 
d,  same,  In  profile;  e,  pupal  exuvium.    Enlarged.    (From  Howard.) 

They  were,  in  nearly  every  instance,  deposited  on  the  sole  of  the  prop-foot,  within  the 
crescent  of  booklets  with  which  these  feet  are  armed,  a  few  eggs  being  found  attached 
laterally  to  the  thorax. 


•  TlQ.  49.^Pimpla sanguinipes:  \ault.    Enlarged.    (Original.) 

A  large  number  of  these  infested  larvae  were  placed  in  confinement,  and  the  adult 
fly  secured.  The  species  has  been  determined  by  Mr.  D.  W.  Coquillett  as  Tachina 
mella  Walk.    (See  fig.  51.) 

These  flies  seemed  to  be  well  distributed  over  the  range,  but  in  very  small  numbers, 
judging  from  tlie  scarcity  pf  the  eggs  that  were  found. 
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Elsewhere  is  given  a  description  of  the  method  of  attack  used  by  the  fly  in  avoiding 
the  larval  spines  during  oviposition. 

The  pupal  period  of  these  flies  is  sixteen  da>'8.  No  data  for  the  length  of  the  larval 
period  could  be  obtained. 


FlQ.  X.—PimplaconquisUor:  a,  Larva;  6,  head  of  same;  c,  pupa;  d,  adult  female, 
o,  6,  c,  redrawn  from  4th  Rep.  U.  S.  Ent.  Comm.) 


Enlarged,    (d,  Origbnl; 


After  eggs  of  this  tachinid  had  been  observed  on  a  number  of  Hemileuca  larvie,  near 
the  end  of  July,  the  first  example  being  seen  July  17,  1909,  an  effort  was  made  to 
observe  the  method  of  oviposition  employed  by  the  fly .  Some  400  larvae  were  collected 
and  assembled  on  a  large  detached  sod  of  SporoboluLs  airoideSf  a  favorite  food  gnm. 


Fig.  51. —  Tachinamella:  ,U\u\t.    PInlarged.    (Original.) 

These  larvai  wore  watched  closely  for  Hovoral  days,  and  on  July  26  a  tachinid  fly  was 
seen  in  the  vicinity  of  a  large  caterpillar  that  was  resting  quietly  on  a  grass  stem  and 
feeding  leisurely  at  intervals.  The  attitude  of  the  fly  was  peculiar,  and  attracted 
attention  at  once.    She  stood  about  4  inches  from  the  larva,  facing  it,  h^r  antenna 
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standing  out  stiffly  horizontal  in  front  of  her  face.  After  a  minute  of  silent  attention 
she  moved  carefully  toward  the  worm,  gliding  over  the  intervening  grass  blades  with 
a  stealthy  step  much  imlike  the  usual  walk  of  these  large  flies.  She  maneuvered 
about  the  caterpillar  with  quick,  nervous,  jerky  steps,  keeping  well  below  the  body 
of  her  victim .  The  abdomen  of  the  fly  all  the  while  moved  slightly,  as  if  the  ovipositor 
were  being  made  ready. 

At  last  the  caterpillar  found  it  necessary  to  move  to  fresh  pasture.  Its  true  feet 
crept  along  the  stem  and  as  the  movement  swept  back  through  the  clumsy  body 
the  fly  ran  nimbly  up  below,  ovipositor  extended.  As  soon  as  the  thick  prop-feet 
were  lifted,  the  ovipositor  curved  quickly  upward  once  or  twice,  but  things  were 
not  quite  right  and  there  was  no  contact.  The  fly  ran  along  the  grass  blades  to  the 
larva's  head,  got  in  front  of  it,  and  once  more  stood  facing  it  for  some  minutes.  The 
larva  finally  seemed  to  realize  its  danger  and  showed  its  annoyance  by  a  few  quick 
jerks  of  its  head  and  body,  apparently  intended  to  scare  away  the  intruder.  But 
the  fly  held  her  ground,  with  now  and  then  a  quick  step  or  motion,  followed  by 
rigid  quiet.  The  larva  at  last  became  quite  uneasy  and  began  to  walk  off,  where- 
upon the  fly  again  ran  below.  The  ovipositor  was  thrust  swiftly  upward  several 
times,  but  the  prop-feet  did  not  seem  to  open  enough  to  allow  of  the  placing  of  any 
eggs.  The  fly  soon  after  grew  weary,  walked  carelessly  away,  and  was  about  to 
take  wing  when  she  was  captured.  Her  wings  were  much  worn  and  ragged  and  she 
appeared  to  have  spent  her  supply  of  eggs  before  this  attack.  She  lived  but  a  few 
hours  in  captivity. 

No  eggs  had  been  deposited  on  the  larva  dining  the  attack,  possibly  because  con- 
ditions were  not  quite  favorable.  But  the  nature  of  the  attempt  explained  the 
finding  of  these  dipterous  eggs  almost  always  on  the  inner  surfaces  of  the  prop-feet, 
probably  because  this  was  the  one  vulnerable  spot  in  the  whole  anatomy  of  the 
caterpillar. 

The  attack  of  the  tachinid  fly  is  often  futile  because  the  egg,  after  being  placed  on 
the  body  of  the  larva,  is  likely  to  be  shed  with  the  next  molted  skin,  before  hateh- 
ing.  The  question  may  also  be  raised  whether  the  newly  hatehed  tachinid  larva 
is  always  able  to  penetrate  the  tough,  leathery  body  of  its  host.  In  almost  every 
case  the  eggs  that  were  found  had  been  placed  within  the  crescent  of  hooks  that 
fringe  the  outer  rim  of  the  prop-feet,  and  were  thus  on  the  fleshy  pad  or  sole  of  these 
feet.  In  some  instances,  where  the  Hemileuca  caterpillar,  with  the  eggs  placed  on 
the  feet  as  described,  was  placed  in  captivity  and  the  parasite  reared,  it  was  proved 
that  the  young  of  the  fly  had  in  some  manner  been  able  to  effect  an  entrance  to  the 
body  of  the  host.  Eggs  laid  upon  the  sides  of  the  thorax  did  not,  as  far  as  known, 
injiure  the  caterpillar  upon  which  they  were  placed.  i 

August  17,  1909,  a  full-grown  Hemileuca  larva,  bearing  two  tachinid  eggs  in  a 
fold  of  the  skin  near  the  anterior  pair  of  prop-legs,  was  taken  in  the  vicinity  of 
Koehler,  N.  Mex.  This  infested  individual  was  placed  in  a  small  box,  where  a  week 
later  it  was  found  in  the  act  of  making  its  crude  cocoon.  It  pupated  and  five  weeks 
later  a  perfect  moth  appeared.  This  attack,  made  imder  the  most  favorable  cir- 
cumstances, proved  wholly  abortive. 

It  is  possible,  of  course,  that  these  flies  choose  the  prop-feet  as  points  of  attack 
because  the  body  above  is  too  well  defended  by  its  forest  of  needle-like  spines  to 
permit  of  successful  approach.  Even  if  this  is  the  case,  it  is  a  little  strange  that 
eggs  are  not  found  elsewhere  below  than  on  the  prop-feet,  that  are  accessible  to  the 
fly  only  when  the  caterpillar  steps. 

Not  infrequently,  during  August,  molted  skins  were  found  to  which  were  attached 
1,  2,  and  even  3  tachinid  eggs,  generally  fresh.  In  one  case  an  egg  was  found  on  a 
freshly  cast  skin,  and  one  on  the  newly  emerged  larva  that  was  standing  close  by, 
showing  that  the  fly  had  remained  on  duty  during  the  operation  of  molting. 
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OTHER  TACHINID  PABA8ITB8. 

A  single  adult  of  Eupharoeera  daripennu  Macq.  (fig.  52)  was  reared  from  the  lu^ 
caterpillar.  Siphoplagia  anamala  Towns,  was  observed  among  the  Hemileuca  bm 
but  no  adults  were  reared  from  them.     WirUhemia  quadripustuUUa  Fab.  was  a  cooui^x 

parasite  on  Heliopkila  aOnlina  is 
the  same  locality,  but  did  l>: 

seem  to  attack  Hemileuca  lazTt. 

\^^^       j^       ^^t^T^^Sii        ^^"^^f^^  as  none  was  reared  therefrom. 

-.     ,.  OTHEE    INSECT     BNEMIEn 

August  12,  1909,  near 
Koehler,  N.  Mex.,  a  rob- 
ber fly,  Stenopogon  pidi- 
comis  Loew  (fig.  53),  vas 
observed  attacking  i 
Hemileuca  caterpillar  and 
feeding  upon  it.  Subse- 
quently a  number  of  dwd 
larvae  were  found  in  loci- 
tions  where  these  flies  were 
numerous,  and  the  pre- 
sumption was  strong  that 


TiQ.  52.—EuphoroceTa  daripenni*:  Adult  and  enlarged  antenna 
of  same,  puparium.    Enlarged.    (Original.) 


the  flies  had  caused  their  death,  although  none  was  seen  actually  at- 
tacking the  caterpillars.  The  dead  larv»  were  noticed  over  a  com- 
paratively limited  area  and  the  robber-fly  attack  appeared  to  be  local 

October  11,  1909,  a  fe- 
male Hemileuca  moth  was 
seen,  on  the  Captain 
French  ranch,  a  captive  of 
one  of  these  robber  flies 
(Erax  varipes  Will.).  The 
large  dipteron  was  half 
running,  halffl}dng,  with 
its  bulky  prey  and  was 
making  its  way  rather  rap- 
idly across  the  country. 
This  was  the  only  instance 
seen  of  any  sort  of  attack 
upon  the  adult  Ilemileucas 
during  observations  cover- 
inj^j  two  years  of  the  adult 
period,  with  hundreds  of 
thousands  of  moths  imder  close  study  during  that  time. 

MITES. 

A  small  red  mite,  Rhyncholophus  sp.,  occurs  at  times  on  the  Hemi- 
leuca larvae,  but  seldom  in  any  great  numbers.     As  many  as  six  have 


Fig.  53.— Robber  fly,  Stenopogon  pictkomia. 
natural  size.    (Original.) 


Not  quite  t«to 
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been  observed  at  one  time  feeding  on  a  single  larva,  but  only  a  com- 
paratively small  percentage  of  the  larvn  are  infested.  These  mites 
are,  of  course,  shed  with  the  molted  skin,  but  they  are  quite  active 
and  soon  regain  a  new  location  on  some  near-by  host.  It  is  probable 
that  they  are  merely  a  source  of  some  irritation  to  their  hosts  and  do 
them  no  particular  injury. 

ANTS  FOUND   IN  PUPAL   SHELLS. 

Empty  pupal  shells  are  occasionally  found  on  the  infested  parts 
of  the  range  swarming  with  very  minute  glistening  ants  that  are 
quite  sluggish  in  their  movements.  There  is  no  indication  that  these 
ants  ever  attack  perfect  pupae,  but  probably  they  act  merely  as  scav- 
engers when  a  pupa  is  thrown  from  its  web  and  broken.  These  ants 
appear  to  be  somewhat  common  everywhere  throughout  New  Mexico. 
Specimens  were  submitted  to  Dr.  W.  M.  Wheeler  and  determined  as 
Monomorium  minvium  Mayr,  var.  minimum  Buckley. 

BIRDS. 

On  July  27,  1909,  two  robins  were  seen,  each  with  a  Hemileuca 
larva  in  its  bill.  The  birds  flew  away  with  these  in  the  direction  of 
shrubbery  along  Cimarron  Creek,  as  if  intending  to  feed  the  cater- 
piUars  to  their  young.  The  next  forenoon  it  was  learned  by  the  aid 
of  a  field  glass  that  several  robins  were  busy  in  that  vicinity,  not  only 
carrying  the  worms  across  the  fields,  but  occasionally  eating  them. 
A  close^  watch  was  maintained  on  meadow  larks,  blackbirds,  and  sev- 
eral other  species  of  birds,  but  none  of  these  was  seen  to  attack  or  feed 
upon  the  caterpillars.  Robins  are  not  at  all  numerous  in  north- 
eastern New  Mexico  and  are  a  very  small  factor  in  the  control  of  the 
Hemileuca  throughout  the  infested  district,  especially  as  they  seem 
to  feed  only  on  the  smaller  larvae.  The  spines  of  the  larger  larvae  are 
capable  of  producing  much  greater  urticating  eflFect  and  are  possibly 
disagreeable  to  the  birds  on  that  account. 

EFFECTS  ON  THE  RANGE  CATEBPILLAB  OF  PASTXTBINa. 

Infested  pastures  have  as  a  rule  very  few  cattle  during  the  larval  and 
pupal  periods  of  Hemileuca  life,  for  the  large  herds  of  the  region  are 
kept  in  the  mountain  pastures  through  the  summer  and  brought  to 
the  lower  levels  late  in  the  fall  to  eat  the  sun-cured  grass  during  the 
winter.  In  sonie  cases,  however,  cattle  and  horses  pasture  the  low 
mesas  in  the  summer  time  and  do  the  Hemileucas  some  harm,  espe- 
cially during  the  pupal  period.  Many  pupae  are  thrown  from  the 
cocoon  to  the  ground  by  the  feet  of  animals  striking  the  weeds  in 
which  the  cocoons  have  been  placed.  Some  of  these  dislodged  pupae 
undoubtedly  perish,  but  unless  lying  directly  exposed  to  the  heat  of 
the  sun  or  crushed  by  passing  feet  the  majority  of  those  on  the 
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ground  probably  produce  moths  as  readily  as  those  remaining  in 
cocoons,  on  account  of  the  peculiar  climatic  conditions  that  prevail 
and  the  almost  total  absence  of  moisture  in  the  soil. 

BEMBDIAIi  MBASUBES. 

A  series  of  questions  addressed  to  a  number  of  the  prominent  resi- 
dents and  ranch  owners  living  in  the  infested  territory  was  sent  out 
in  the  form  of  a  circular  letter  during  the  sunmier  of  1909.  An  effort 
was  made  in  this  way  to  ascertain,  if  possible,  the  year  when  the 
range  caterpillar  was  first  observed,  the  amount  and  extent  of  injury 
resulting  from  its  outbreak,  and  the  remedies,  if  any,  that  had  sug- 
gested themselves  to  those  most  interested  in  destroying  the  pest. 
The  replies  to  the  first  two  queries  were  so  contradictory  and  vague 
that  little  was  learned.  Regarding  remedies,  the  majority  of  the 
writers  had  nothing  to  propose.  A  few  thought  it  possible  that  some 
insect  might  be  introduced  that  could  control  or  do  away  with  the 
pest,  but  the  remedy  that  appealed  to  most  of  those  who  had  studied 
conditions  was  that  of  burning. 

BURNING  THE   RANGE. 

At  the  beginning  of  the  outbreak,  especially  if  the  insect  origi- 
nated from  one  common  center — a  fact  that  may  be  open  to  serious 
question — concerted  action  in  the  matter  of  burning  over  the  in- 
fested area  might  have  succeeded  in  banishing  the  pest  from  the 
region.  At  the  present  time,  however,  burning  the  range  would  be 
only  a  temporary  and  local  expedient.  It  must  be  borne  in  mind 
that  where  the  infestation  is  the  most  severe  there  is  usually  insuffi- 
cient grass  remaining  to  support  a  running  fire.  The  small  value  of 
the  range  per  acre  for  pasturage  would  hardly  warrant,  except  in 
the  direst  necessity,  the  expenditure  of  funds  sufficient  to  make 
sure  of  reaching  every  part  by  fixe. 

An  experiment  in  this  line  was  tried  in  the  spring  of  1909  and  a 
large  area  in  a  wild  pasture  near  Koehler  was  burned  over.  Within 
this  burned  area,  later  in  the  season,  the  number  of  caterpillars 
equaled  those  on  the  surrounding  unbumed  parts  of  the  same  pas- 
ture. Either  multitudes  of  the  eggs  escaped  the  heat  of  the  fire  or 
the  caterpillars  spread  over  the  burned  district  from  the  unbumed 
portions  nearest  at  hand.  A  hailstorm  that  swept  over  part  of  this 
same  pasture  in  June,  1909,  failed  to  kill  more  than  a  few  of  the 
millions  of  worms  that  were  feeding  in  its  path. 

In  view  of  the  fact  that  the  infested  territory  at  present  extends 
over  10,000,000  to  15,000,000  acres  or  more,  it  will  be  seen  that  fire 
as  an  agent  of  destruction  could  be  only  local  and  palliative,  for  the 
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^ap  that  it  might  make  in  the  ranks  of  the  invading  hordes  would 
icon  be  closed  by  successive  broods  that  would  appear  in  unburned 
lections. 

INTRODUCTION   OP    NATURAL   ENEMIES. 

The  matter  of  the  introduction  of  parasitic  insects  for  control  of 
he  Hemileuca  will  probably  be  investigated  further. 

The  importation  of  birds  to  feed  on  the  caterpillars  has  been  sug- 
gested, but  in  the  infested  regions  the  wide  treeless  plains  afford  but 
ittle  encouragement  for  nesting  birds.  Besides  this,  it  is  a  lament- 
ible  and  criminal  fact  that  in  spite  of  laws  that  are  designed  for  the 
)rotection  of  bird  life  in  New  Mexico,  a  constant  and  indiscriminate 
laughter  of  all  sorts  of  birds  is  in  perpetual  progress  until  the  com- 
)anionable  species  and  those  of  high  economic  importance  have  been 
)ractically  exterminated  in  many  parts  of  the  Territory.  This  con- 
lition  of  things  may  possibly  account,  in  some  measure,  for  this 
hemileuca  invasion,  and  may  in  the  not  remote  future  bring  into 
>rominence  other  insects  now  few  and  harmless,  but  multiplying 
>ecause  their  bird  foes  have  perished  at  the  hands  of  the  hunter. 
This  bids  fair  to  become  a  serious  matter,  and  not  alone  in  New 
ilexico. 

ROLLING   THE    GROUND. 

Rolling  the  surface  of  the  country  to  crush  the  larvae  has  been 
suggested,  and  even  using  some  sort  of  oil-burning  apparatus  that 
vould  surely  destroy  all  the  eggs  or  larvae  within  a  given  area. 
The  roller  has  never  been  tried  in  an  actual  experiment,  but  it  is 
>bvious  to  one  familiar  with  the  region  that  the  surface  is  too  uneven 
jO  justify  hopes  for  the  destruction  of  more  than  a  small  percentage 
3y  this  method. 

THE   CHIEF    DIFFICULTY   IN    APPLYING   REMEDIAL    MEASURES. 

Another  and  more  serious  objection  to  any  scheme  of  destruction 
Ami  involves  either  labor  or  expense  is  found  in  the  extremely  small 
t^alue  per  acre  of  the  grass  crop.  When  land  rents  for  from  2  to  5 
;ents  per  acre  for  the  year's  pasturage  it  would  not  be  reasonable  to 
jxpect  any  party  interested  to  expend  a  very  large  sum  per  acre, 
5ven  to  destroy  a  range  pest.  The  aggregate  damage  resulting  from 
he  attack  of  the  range  worm  is  enormous.  But  such  large  areas 
ire  involved  that  when  the  loss  is  reduced  to  the  acre  unit  it  seems 
mtirely  out  of  the  question  to  the  large  ranch  owners  to  involve 
:hemselves  in  any  method  that  aims  to  destroy  the  range  worm  by 
expensive  means.  From  their  standpoint,  it  would  be  better  to  go 
)ut  of  the  cattle  business  and  let  the  worms  take  the  range  than 
to  spend  the  income  of  a  series  of  years  in  a  doubtful  experiment. 


Digitized  by  VjOOQ IC 


96  CEREAL  AKD  FORAGE  INSECTS. 

This  argument,  which  is  a  common  one,  puts  an  end  to  all  mechan- 
ical means  at  control  of  this  pest,  except  possibly  as  a  federal  measure, 
at  public  expense,  and  leaves  the  matter  of  the  introduction  of  insect 
parasites  as  perhaps  the  only  feasible  way  to  reach  a  solution  of  Uus 
puzzling  question.  Continued  study  may  discover  other  means, 
but  so  far  as  the  investigation  has  been  carried  no  ready  relief  is  yet 
in  sight. 
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CONTRIBUTIONS    TO    A    KNOWLEDGE    OF    THE    CORN 

ROOT-APHIS. 

(Aphis  maidi-radicis  Forbes.) 

By  R.  A.  ViCKEBY, 
Agent  and  Expert. 

INTBODUCTION. 

The  corn  root-aphis  {Aphis  77haidi-radicis  Forbes)  is  one  of  the 
many  insects  infesting  the  corn  plant  in  this  country.  It  has  cer- 
tainl}'^  been  known  as  an  enemy  of  corn  for  nearly  a  century,  and  per- 
haps much  longer.  Besides  corn  it  attacks  sorghum  and  broom  corn, 
but  does  little  damage  to  these  plants.  Within  the  last  three  years  it 
has  attracted  considerable  attention  as  an  enemy  of  cotton  in  the  Car- 
olinas,  where  it  feeds  on  the  roots  of  young  cotton  and  is  called  the 
"  root  louse  "  or  "  blue  bug."  Among  its  other  recently  ascertained 
food  plants  are  pumpkin,  squash,  strawberries,  cultivated  asters,  and 
perhaps  dahlia  and  French  artichoke. 

Ever  since  this  insect  was  first  noted  by  Walsh  in  1862  it  has  re- 
ceived considerable  attention  from  economic  entomologists.  Its  life 
history  and  habits  in  Illinois  have  been  very  thoroughly  studied  by 
Dr.  S.  A.  Forbes,  state  entomologist,  and  his  assistants;  and  during 
the  past  three  years  it  has  been  studied,  under  the  direction  of  Prof. 
F.  M.  Webster,  by  the  assistants  in  Cereal  and  Forage  Insect  Investi- 
gations, Bureau  of  Entomology.  These  studies  have  been  made  over 
a  large  extent  of  country,  as  follows :  In  the  Northwestern  States  dur- 
ing the  season  of  1908  by  Mr.  E.  O.  G.  Kelly ;  in  Indiana  by  Mr.  W. 
J.  Phillips;  in  South  Carolina  during  the  seasons  of  1908  and  1909  by 
Mr.  G.  G.  Ainslie ;  *»  in  Florida  and  eastern  North  Carolina,  as  a  cot- 
ton insect,  by  Mr.  H.  F.  Wilson  under  the  direction  of  Mr.  W.  D. 
Hunter,  during  the  season  of  1909;  and  in  the  Piedmont  section  of 
North  Carolina  by  the  writer,  also  during  the  season  of  1909. 

«  These  Investigations  were  carried  on  by  Mr.  Ainslie  as  a  part  of  cooperative 
work  by  the  Bureau  of  Entomology  and  the  South  Carolina  experiment  station 
of  the  Clemson  Agricultural  College,  and  the  results  of  his  work  were  published 
by  Prof.  A.  F.  Conradi  in  the  twenty-second  annual  report  of  that  institution, 
for  the  year  ending  June  30,  1909,  pages  51  to  65. 
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An  aphis  frequently  infesting  the  roots  of  Erigeron  canadensis  has 
generally  been  considered  as  belonging  to  this  species.  It  is  included 
in  the  latter  part  of  this  paper  for  this  reason,  but,  as  explained 
farther  on,  it  now  seems  to  be  distinct  from  the  com  root-aphis,  and 
is  therefore  discussed  under  the  name  Aphis  middletom  Thomas, 
with  the  description  of  which  it  seems  best  to  agree. 

The  illustrations  of  the  oviparous  female  and  wingless  male  of  the 
com  root-aphis  (figs.  56  and  57)  are  kindly  loaned  for  use  in  this 
paper  by  Dr.  S.  A.  Forbes,  state  entomologist  of  Illinois. 

BISTBIBXrriON. 

According  to  the  letters  of  inquiry  in  the  files  of  the  Bureau  of 
Entomology  the  com  root-aphis  has  been  seriously  injurious  to  corn 
in  the  following  States  (fig.  59) :  New  Jersey,  eastern  Pennsylvania, 
Maryland,  Virginia,  West  Virginia,  North  Carolina,  South  Caro- 
lina, Ohio,  Indiana,  Illinois,  and  Oklahoma.  Besides  these  States 
it  has  been  reported  in  literature  as  injuring  com  in  New  York,  Min- 
nesota, Iowa,  Missouri,  Nebraska,  Kentucky,  Mississippi,  Louisiana, 
and  Colorado.  In  addition  to  the  States  mentioned  above  the  root- 
aphis  was  collected  from  the  roots  of  com  at  Sioux  Falls,  Huron,  and 
Aberdeen,  S.  Dak.,  by  Mr.  Kelly  of  the  Bureau  of  Entomology,  and 
what  is  supposed  to  have  been  this  species  was  collected  from  com 
roots  at  Sterling,  Kans.,  by  Mr.  C.  N.  Ainslie,  also  of  this  Bureau. 
Injuries  to  cotton  have  occurred  in  the  coastal  plain  of  the  Carolinas. 
An  aphis  supposed  to  be  of  this  species  has  been  reported  to  the 
Bureau  as  injurious  to  cultivated  asters  from  the  following  States: 
Massachusetts,  Rhode  Island,  Connecticut,  New  York,  New  Jersey, 
Delaware,  Maryland,  Ohio,  and  Illinois.  The  species  is  apparently 
distributed  in  the  United  States  throughout  almost  the  entire  region 
east  of  the  Rocky  Mountains  wherever  corn  is  grown. 

It  has  been  reported  from  Maine  in  a  letter  to  the  Bureau,  but  on 
what  food  plant  it  was  taken  is  not  known.  Although  Mr.  Kelly 
searched  for  it  in  North  Dakota,  Montana,  and  Wyoming  he  did  not 
find  it  in  those  States.  It  has  not,  up  to  the  present  time,  been  re- 
ported from  New  Hampshire,  Vermont,  Michigan,  Wisconsin,  Texas, 
Arkansas,  or  southern  Florida.  It  is  probably  present  in  Mexico, 
although  we  have  found  no  reference  to  it  in  any  of  the  foreign 
literature. 

HISTOBY. 

Although  the  corn  root-aphis  (figs.  54—58)  was  not  described  and 
named  until  1891,  it  has  apparently  been  known. to  the  com  growers 
of  this  country  for  nearly  a  century  and  possibly  much  longer. 
James  Worth,  in  an  article  entitled  "  Observations  on  Insects  "  read 
before  the  Agricultural  Society  of  Bucks  County,  Pa.,  July  29, 1822, 
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and  published  in  the  American  Farmer,*  mentioned  "  a  species  of 
louse  or  aphis,  that  infests  grounds  and  feeds  upon  the  roots  of 
wheat,  corn,  young  trees,  etc.,  and  do  immense  damage."  And  Thos. 
W.  Emory,*  in  writing  of  sedge  in  wheat,  said : 

I  believe  that  this  insect  is  the  same  as  that  known  by  the  name  of  root 
louse  In  com,  so  frequently  found  in  that  .plant,  growing  after  clover,  when 
the  land  is  early  flushed,  and  which  occasions  so  stinted  and  diseased  a 
prowth  that  it  rarely  recovers  till  late  in  the  summer,  and  not  then  if  the 
season  is  dry.** 

Mr.  Emory  gave  his  address  as  Poplar  Grove,  without  mentioning 
the  State.  But  although  the  State  was  not  mentioned,  his  writings 
give  the  impression  that  he  was  talking  about  conditions  in  Maryland. 
From  these  two  notices  it  appears 
that  the  com  root-aphis  was 
familiar  to  the  people  of  Pennsyl- 
vania and  Maryland  as  early  as 
1822,  because  there  is  no  other 
aphis  on  the  roots  of  corn  common 
enough  to  have  been  so  generally 
known. 

In  Illinois  the  corn  root-aphis 
was  first  studied  in  1862  by  B.  D. 
Walsh  near  Rock  Island,  where  it 
had  attacked  a  small  field  of  com 
and  destroyed  about  half  of  it. 
Walsh  collected  specimens  from 
which  he  reared  winged  females 
(fig.  55),  and  from  the  similarity 
of  these  to  the  corn  leaf-aphis  he 
decided  that  they  were  identical, 
and  in  an  ^ssay  published  in  the 
Transactions  of  the  Illinois  Agricultural  Society  he  considered  the 
leaf-aphis  to  be  but  an  aerial  form  of  the  root-aphis.  This  view  was 
accepted  by  Cyrus  Thomas  and  later  writers  who  studied  the  species. 

Dr.  S.  A.  Forbes  began  his  study  of  this  insect  in  1883,  and,  as 
a  result  of  his  work  and  the  work  of  his  assistants,  came  to  the  con- 
clusion that  the  root-aphis  is  a  distinct  species.  So  he  described 
it  as  such  under  the  name  of  Aphis  maidi-radicis,^    His  studies  of 


Fig.  54. — The  corn  root-aphis  {Aphis 
maidi-radicia)  :  Wingless,  viviparous  fe- 
male, greatly  enlarged,  and  antenna, 
highly  magnified.     (From  Webster.) 


*  American  Farmer,  vol.  4,  p.  395,  March  7,  1823. 

*  Idem,  p.  71,  May  24,  1822. 

« Webster,  F.  M.— Early  published  references  to  some  of  our  Injurious  In- 
sects. Insect  Life,  U.  8.  Dept.  Agr.,  Washington,  D.  C,  vol.  2,  Noa  7  and  8, 
p.  264,  1890. 

*  Seventeenth  Report  of  the  State  Entomologist  of  Illinois  for  1889  and  1890. 
Trans.  Dept.  Agr.  111.,  Springfield,  vol.  28,  pp.  64r-70,  colored  plate  "B,"  figa 
1-4,  1891. 
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this  species  have  been  continued  till  now  its  life  history  and  habits 
as  a  corn  insect  in  Illinois  are  very  well  understood. 

Until  recently  it  has  not  been  so  thoroughly  studied  in  other  sec- 
tions of  the  country,  especially  in  the  Southern  States,  where  its  life 
history  and  habits  are  widely  different  from  what  they  are  in  Illmoi^. 
Some  of  the  results  of  these  more  recent  studies  which  have  been  made 
by  the  Bureau  of  Entomology  are  therefore  prei^nted  in  this  paper. 

EXPERIMENTAL  WORK  IN  THE  SOUTH. 

The  following  laboratory  experiments  were  carried  on  by  the 
writer  at  Salisbury,  N.  C.,  to  determine  the  identity  of  the  aphide^ 


Fig.  55.    -The  corn  root-aplils  :   Wiuged,  viviparous  femalo,  greatly  enlarged,  and  antenoa 
of  same,  highly  magnified.     (From  Webster.) 

found  on  the  roots  of  corn,  cotton,  and  various  weeds.  The  method 
used  was  to  remove  wingless  females  of  Aphis  maidi-radieis  from  the 
roots  of  the  various  food  plants  and  to  place  them  either  on  sprout- 
ing cotton  or  on  sprouting  corn  in  vials.  A  plug  of  wet  absorbent 
cotton  was  placed  in  the  bottom  of  the  vials.  The  roots  of  the  plants 
would  grow  down  into  this  and  would  keep  alive  and  fumi>h 
nourishment  for  the  aphides  for  about  a  week.  Cotton  plants  proved 
the  best  for  use  in  these  experiments  because  they  were  not  so  subject 
to  attack  by  fungi  as  were  corn  plants.  The  vials  were  kept  in  the 
dark.  The  aphides  usually  attack  the  leaves  of  the  cotton  in  pref- 
erence to  the  stem. 

Amhroaia    art cmisii folia     (bittervveetl). — Exiierlment    a:    ApterouR    vlvijiara 
were  removed  from  the  roots  of  this  plant,  September  18,  and  placed  ou  sprout- 


Digitized  by  VjOOQ  IC 


CONTRIBUTIONS  ON   THE  CORN   ROOT-APHIS.  101 

ing  com;  they  reproduced  and  the  colony  was  kept  on  com  till  November  30. 
Many  oviparous  females  and  2  winged  males  were  produced  by  this  colony. 
The  sexual  forms  appeared  October  15.  Experiment  6:  Apterous  vlvlpara  were 
removed  from  the  roots  of  Ambrosia  and  placed  on  sprouting  cotton,  September 
24.  The  colony  continued  till  November  16,  producing  oviparous  females 
October  28. 

Chenopodium  all>um  (lamb's-quarters). — Two  vivipara  and  1  oviparous 
female  were  removed  from  this  plant  to  sprouting  cotton.  This  colony  did  well 
till  November  11,  when  the  2  oviparous  females  it  contained  were  removed  to 
alcohol. 

Diodia  teres  (buttonweed). — Experiment  a:  Female  specimens  were  removed 
from  the  roots  of  this  plant  to  cotton,  July  29 ;  the  colony  did  well  till  August 
10,  when  it  was  killed  by  the  death  of  the  cotton  plant  from  disease.  Experi- 
ment 6:  Wingless  females  were  removed  to  corn,  July  28.  Young  were  pro- 
duced and  the  experiment  was  continued  till  August  30.  Experiment  e:  Sev^ 
wingless  females,  which  had  produced  young  on  corn  In  experiment  6,  were 
removed  to  cotton,  August  14.  They  produced  young  on  the  cotton  and  the 
colony  was  continued  till  November  22,  when  it  was  discontinued.  No  sexual 
forms  were  produced. 

Diodia  virginiana  (buttonweed). — Female  individuals  were  removed  from 
the  roots  of  this  plant  to  sprouting  cotton,  September  25.  The  colony  did  well 
till  December  4,  when  it  was  discontinued.    No  sexual  forms  were  produced. 

Leptochloa  flliformia, — Experiment  a:  Females  were  removed  from  the  roots 
of  this  plant  to  sprouting  cotton,  September  13.  The  colony  was  continued  till 
December  8  without  producing  sexual  forms.  Experiment  h:  Females  were  re- 
moved from  the  roots  of  Leptochloa  to  com.  This  colony  continued  till  De- 
cember 4.  Oviparous  females  and  a  winged  male  were  produced,  and  eggs 
were  laid. 

Com, — ^Wingless  females  were  removed  from  the  roots  of  com  in  the  field  to 
sprouting  com  in  a  vial,  June  16,  and  on  July  15  females  were  removed  from  the 
com  In  this  vial  to  sprouting  cotton,  where  they  established  a  colony  which 
was  continued  till  August  16. 

These  experiments  show  that  if  the  apterous  females  of  Aphis 
nuddi-radicis  are  transferred  to  the  roots  of  com  or  cotton  from  sev- 
eral of  their  wild  food  plants  or  if  they  are  transferred  from  corn  to 
cotton  they  will  produce  young  and  establish  colonies.  Thus  it  is 
possible  for  the  ants  to  transfer  the  aphides  from  a  dying  food  plant 
to  any  other  one  of  a  large  range  of  food  plants.  Fortunately  there 
are  many  cultivated  plants,  such  as  clover,  cowpeas,  wheat,  oats,  and 
rye,  used  in  various  systems  of  rotation,  which  this  insect  feeds  on  not 
at  all,  or  only  rarely  and  for  a  short  time. 

Mr.  G.  G.  Ainslie  experimented  in  a  different  manner  near  Marion, 
S.  C,  to  determine  the  same  points.  Seeds  of  a  number  of  species  of 
cultivated  plants  were  planted  near  infested  corn  rows,  trusting  to 
ants  to  transfer  the  aphides  from  one  plant  to  another.  These  intro- 
duced plants  were  examined  June  5,  with  the  following  results: 
Muskmelon  plants  near  infested  cotton  were  well  provided  with 
aphides,  several  of  the  wingless  ones  being  found  with  young  about 
them.  Turnip  plants  near  infested  cotton  had  few  aphides  on 
40842— BuU.  85,  pt  &— 10 2 
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them.  Cowpeas  were  lightly  infested  with  all  stages,  except  mi- 
grants, although  not  located  near  heavily  infested  cottoii-  On  bili- 
near infested  cotton  there  were  cMily  a  few  of  the  root-aphis.  Swet: 
corn  had  been  planted  along  a  row  of  cotton,  and  this  was  quite  gen- 
erally infested  with  the  '*  lice,"  plants  that  were  near  dead  cotua 
being  most  heavily  infested.  On  radish,  a  colony  was  found  on  oct 
plant  growing  near  badly  infested  cotton.  Watermelon  plan:? 
which  had  just  unfolded  their  first  leaves  and  were  near  infested  ct: 
ton  had  an  abundant  supply  of  the  root-aphis.  In  the  case  of  eadi  of 
the  cultivated  plants  mentioned  above,  Mr.  Ainslie  found  evid«>« 
that  the  "  lice  ''  were  transferred  from  the  cotton  to  the  others  by  tk 
ants.  The  ants  found  in  attendance  were  Lashis  niger  americanh*, 
Pheidole  den  tat  a  comutata^  and  Pheidole  vinelandica, 

UNCULTIVATED    FOOD    PLANTS. 

Beside  the  cultivated  plants  mentioned  above,  the  root-aphis  feeds 
on  various  uncultivated  species  which  are  enumerated  below. 

In  Illinois  it  has  been  reported  by  Mr.  J.  J.  Davis  *  on  the  root 
of  numerous  weeds  and  grasses,  as  follows:  Smartweed  {Polygonnm 
lapathifolium)^  knotweed  {Polygonum  persicaria)^  crab  grass  {Digl 
taria  sangninaliii)^  purslane  {Portulaca  oleracea)^  dock  {Rumi 
cnnpm  and  H.  altksimus)^  foxtail  or  pigeon  grass  {Setaria  glmn 
and  S,  viridis)^  fleabane  {Erigeron  canadensis)^  mustard  {Bram'C 
nigra) ^  sorrel  {Oralis  stricta)^  plantain  {Plantago  major  and  P. 
rugelii)^  pigweed  {Amaranthus  hyhridus)^  and  ragweed  (^Ambrmi 
trifida). 

In  the  South  it  has  been  found  on  the  following  wild  food  plants:^ 
At  Chattanooga,  Tenn.,  November  25,  1909,  a  few  oviparous  females 
were  found  on  thorny  amaranth  {Amaranthus  spinosus),  Vivip^ 
arous  females  were  found  on  green  amaranth  {Amaranthus  rein- 
fexun)  in  a  cornfield  at  Salisbury,  N.  C,  October  12,  1909,  in  small 
numbers.  It  was  found  rarely  on  Roman  wormwood  {Ambro^ 
a rf em  hi i folia)  at  Nathalie,  Va.,  by  Mr.  J.  A.  Hyslop,  July  10,  19(^ 
It  was  found  in  large  numbers  on  the  roots  of  Ambrosia  artemisiifd^i 
in  cotton  fields  and  in  waste  ground  at  Marion,  S.  O.,  May  27  to  Juik 
5, 1909,  and  at  Salisburjs  N.  C,  May  22  and  September  18,  1909.  On 
this  plant  they  usually  fed  in  fair-sized  colonies  along  the  main  tap- 
root, sometimes  10  inches  deep  in  the  ground.  It  was  found  on  dog 
fennel  {Anthemis  cotula)  in  very  large  colonies  at  the  base  of  the 
large  roots,  near  the  crown,  at  Marion,  S.  C,  on  May  29,  1909;  oo 
shepherd's  purse  {Capsella  bursa pastoris)  in  small  nimibers  at  Sali-^ 

<»  Davis,  John  June — Biological  Studies  on  Three  Species  of  Aphididae.  Tedi. 
Ser.  No.  12,  Part  VIII,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  February  20,  1909. 

^Records  from  Marion,  S.  C,  are  by  Mr.  G.  G.  Ainslie;  those  firom  otbtf 
localities  are  by  the  writer,  unless  otherwise  stated. 
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bury,  N.  C,  June  16,  1909;  on  lamb's-quarters  {Chenopodium  album) 
growing  near  a  field  of  popcorn  at  Nathalie,  Va.,  by  Mr.  Hyslop, 
July  10,  1908,  and  on  the  same  species  growing  beside  a  cornfield  at 
Salisbury,  N.  C,  October  9-22,  1909 — in  large  numbers  at  both 
places;  on  poverty  weed  {Diodia  teres)  in  a  cornfield  at  Salisbury, 
N.  C,  July  28,  1909;  on  button  weed  {Diodia  virginiana)  in  a  corn- 
field at  Salisbury,  N.  C.,  September  25,  1909;  on  foxtail  or  pigeon- 
grass  {Setaria  glauca)  at  Marion,  S.  C,  June  3,  1909;  in  small  num- 
bers on  cudweed  {Gnaphalium  purpurevm)  at  Salisbury,  N.  C,  May 
22,  1909,  and  in  large  numbers  on  this  plant  at  Marion,  S.  C,  from 
May  26  to  June  14,  1909.  It  was  numerous  on  sneeze  weed  {Helenium 
temdfolium)  at  Rockmart,  Ga.,  November  23,  1909,  and  at  Marion, 
S.  C,  May  29  to  June  25,  1909;  this  plant,  growing  in  open  ground, 
and  in  cotton  and  corn  fields,  was  the  most  commonly  infested  weed, 
and  was  heavily  infested  by  the  aphis  in  all  stages.  On  pineweed 
{Hypericum  gentian oides)  it  was  found  in  small  numbers  at  Marion, 
S.  C,  May  26,  1909.  It  was  abundant  on  dwarf  dandelion  {Krigia 
virginica)  at  Marion,  S.  C,  May  26,  1909;  large  colonies  were  found 
near  the  crown  of  the  plant,  but  individuals  were  sometimes  deep 
down  on  the  fibrous  roots.  It  was  found  on  Leptochloa  flifoirmis  at 
Salisbury,  N.  C,  September  13,  1909.  On  peppergrass  {Lepidium 
apetalum)  at  Ringgold,  Ga.,  November  24,  1909,  a  few  only  were 
found.  Lepidium  rirginicum  was  a  favorite  food  plant  for  this  in- 
sect at  Marion,  S.  C,  May  29  to  June  14,  1909.  It  was  found  rarely 
on  toadflax  {Linaria  canadensis)  at  Marion,  S.  C,  from  May  26  to 
June  1,  1909,  and  abundantly  on  plantain  {Plantago  aristata)  at 
Marion,  S.  C,  June  3,  1909.  It  was  numerous  on  plantain  {Plantago 
major)  at  Sharpsburg,  Md.,  July  9,  1907,  according  to  Mr.  Kelly,  and 
at  French  Creek,  W.  Va.,  November  20, 1908,  as  reported  by  Mr.  F.  E. 
Brooks  in  a  letter  to  the  Bureau.  It  was  found  on  water  pepper 
{Polygonum  hydropiperoides)  ^  May  22,  1909,  and  on  another  of  the 
knotweeds  {Polygonum  muhlenbergii)  ^  October  16,  1909,  at  Salis- 
bury, N.  C,  but  was  not  numerous  on  either  of  these  plants ;  it  was  re- 
ported also  as  abundant  on  purslane  {Portulaca  oleracea)  at  French 
Creek,  W.  Va.  It  was  abundant  on  poverty  weed  {Diodia  teres)  ^  at 
Marion,  S.  C,  May  31  to  June  14,  1909,  as  nearly  every  plant  of  this 
species  was  infested;  it  occurred  also  on  cocklebur  {Xanthium  cana- 
dense)  at  Marion,  S.  C,  June  1,  1909. 

This  insect  has  been  reported  and  described  from  Colorado  by 
Cowen  on  the.  roots  of  mint  {Mentha  at^ensis)  under  the  name  of 
Aphis  menthw-radicis. 

All  the  known  wild  food  plants  infested  by  this  species  are  native 
to  the  eastern  United  States  except  the  following:  Amaranthus  retro- 
Hexus^  A,  spinosics^  and  A.  hybridus^  which  have  been  naturalized 
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Fig.  56. — The  corn  root-aphis :  Ovipa- 
rous female  and  hind  tibia.  (From 
Forbes.) 


from  tropical  America;  and  Chenopodium  alburn^  Capsella  bursa- 

pastorisj  Brassica  oleracea^  and   B.  nigra^  Polygonum  persicaria^ 

Rumex  crisptis^  and  Anthemis  eo- 
tulcj  which  are  adventitious  from 
Europe  or  have  been  naturalized 
from  Europe.  They  are  all  annuals 
except  a  few  which  are  sometime^ 
biennials. 

During  March  and  April,  1910,  in 
the  vicinity  of  San  Benito,  Tex.,  the 
writer  found  this  species  infesting 
the  roots  of  the  following  unculti- 
vated plants:  Vervam  {Verben^i 
canadensis) ,  common  nightshade 
{Solanum  nigrum)^  skullcap  {Scu- 
tellaria drummondii)  ^  Teucriitm 
laciniatnm^  amaranth  (Amaran- 
thvs  sp.),  Selenia  (?)  sp.^  and  at 
Brownsville  on  the  roots  of  Iva 
xant  hi  folia  (?). 
Nothing  was  found  to  indicate  that  it  had  attacked  either  com  or 

cotton,  although  further  investigations  will  be  required  to  either 

prove  or  disprove  its  occurrence  on 

these  or  other  cultivated  plants. 

INJUBY  TO  COBN. 

Aphis  maidi-radicis  has  been  par- 
ticularly injurious  to  corn  in  Mary- 
land, Ohio,  Indiana,  and  Illinois,  and 
has  done  serious  injury  to  this  crop 
in  eastern  Pennsylvania,  New  Jersey, 
the  Virginias,  and  the  Carolinas.  In 
badly  infested  fields  the  crop  is  some- 
times almost  entirely  lost,  as  shown  in 
the  accompanying  illustration  (Plate 
V,  fig.  1),  from  a  photograph  by  Mr. 
W.  J.  Phillips,  of  a  field  in  Indiana. 

In  Illinois  its  seasonal  history,  ac- 
cording to  Mr.  J.  J.  Davis,**  is,  in  brief, 
as  follows:  The  eggs  may  be  found 
hatching  in  the  field  from  April  8  to 
May  22,  and  from  ten  to  twenty-two  generations  may  follow.  Sexual 
forms  (figs.  56-58)  are  produced  in  the  latter  part  of  September  or  in 

«Loc.  clt. 


Pig.  67. — The  com  root-aphis  :  Wing- 
less male  and  antenna.  (From 
Forbes. ) 
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Plate  V. 


Fig.  1.— Damage  to  a  Field  of  Corn  in  Indiana  in  1906  by  the  Corn  Root-Aphis 
(Aphis  MAiDi-RADicis).    (Original.) 


Fig.  2.— Same  Field  a  Year  Later,  Showing  the  Effect  of  Applying  Barnyard 

Manure.    (Original.) 
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October,  and  eggs  are  laid  in  October  and  November,  The  eggs  do 
not  hatch  until  the  following  spring.  Its  seasonal  history  in  other 
parts  of  the  country  does  not  appear  to  vary  materially  from  that  in 
Illinois. 

BELATION  OF  ANTS  TO  THE  BOOT-APHIS. 

The  life  of  the  corn  root-aphis  in  the  cornfields  is  so  dependent 
upon  that  of  the  cornfield  ant  {Lasius  niger  L.,  var.  americanus 
Emery) ,  and  vice  versa,  particularly  in  the  Middle  West,  that  they 
must  be  considered  together.  If  it  were  not  for  this  ant  the  great 
damage  that  is  done  to  com  in  this  country  by  the  root-aphis  would 
be  impossible.  The  ant  is  distributed  everywhere  over  North  Amer- 
ica except  in  the  extreme  southern  and  southwestern  portions.  It  is 
found  in  cultivated  fields,  in  pastures,  in  forests,  and  along  roads. 
A  very  complete  account  of  the  life  history  of  this  ant  is  given  by 
Doctor  Forbes  in  the  Twenty-fifth  Eeport  of  the  State  Entomologist 
of  Illinois. 

The  ants  collect  the  eggs  of  the  aphis  in  the  fall  and  carry  them 
to  their  nests,  where  they  are  kept  during  the  winter.  By  bringing 
these  eggs  near  the  surface  or  carrying  them  deeper  down  into  their 
burrows  the  ants  are  able  to  control  the  hatching  of  these  eggs  until 
weeds  spring  up  upon  which  the  young  aphides  can  feed.  As  soon 
as  the  eggs  hatch  the  young  larvae  are  transferred  to  the  roots  of 
young  weeds  such  as  pigeon  grass,  smartweed,  and  ragweed.  When 
the  com  begins  to  come  up  the  colonies  of  the  root-aphis  are  trans- 
ferred to  the  roots  of  com.  The  root-aphis,  like  all  other  species  in 
this  family,  secretes  and  voids  a  sweet  liquid  called  honeydew,  upon 
which  the  ants  feed.  As  this  honeydew  constitutes  the  principal 
food  of  the  ants,  the  strength  of  each  individual  ant  colony  is  de- 
pendent upon  the  number  of  aphides  in  its  charge. 

Although  Lasius  niger  americanvs  is  the  most  important  ant  that 
attends  Aphis  maidi-radicis  throughout  the  territory  known  to  be 
infested  by  the  root-aphis,  it  is  not  the  only  one  thus  involved.  Two 
other  species  that  are  important  in  this  connection  are  Lasius  flavus 
Fab.,  which  has  often  been  observed  attending  the  root-aphis  in 
Maryland,  and  Pheidole  vinelandica  Forel,  which  was  observed  by 
Mr.  J.  A.  Hyslop  attending  it  at  Nathalie,  Va.,  and  by  Mr.  G.  G. 
Ainslie,  at  Marion,  S.  C  Among  the  ants  which  sometimes  attend 
this  species  are  Lasius  (Acanthomyops)  murphyi  Forel  found  asso- 
ciated with  this  species  at  Arlington,  Va.,  by  Mr.  Paul  Hayhurst, 
and  the  following  species,  which  are  reported  by  Doctor  Forbes  *  as 
occasionally  attending  the  root-aphis  in  Illinois :  Formica  schaufussi 

^  Bigbteenth  Report  of  the  State  Entomologist  of  lUinols.  Trans.  Dept  Agr. 
111.  for  1893,  Springfield,  vol.  31,  p.  66,  1894. 
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Mayr,  Lcunxis  interject  us  Mayr,  Myrmica  scdbrinodis  Nyl.,  and  Sole- 
nopais  debilis  Mayr. 

NATUBAL  CHECKS. 

There  are  no  natural  checks  to  the  multiplication  of  the  com  root- 
aphis  and  its  attendant  ant  except  hard,  beating  rains  that  are  long 
continued.  The  thorough  soaking  of  the  ground  by  such  rains 
drowns  out  many  of  the  aphides,  and  also  the  young  of  the  ants. 

PBBVENTIVE  MEASUBES. 

It  happens  that  over  the  entire  territory  infested  by  the  com  root- 
aphis  the  best  cultural  methods  for  the  growing  of  com  independent 
of  insect  injury  are  just  the  methods  that  reduce  the  numbers  of  the 
com  root-aphis  and  its  attendant  ant.  These  methods  are  crop 
rotation,  maintenance  of  soil  fertility,  and  early  plowing,  followed 
by  frequent  cultivations. 

CROP    ROTATION. 

The  system  of  rotation  that  gives  the  shortest  time  in  com  is  the 
best.  In  the  cotton  belt  the  injury  from  the  root-aphis  will  be  less 
if  cotton  and  com  are  not  allowed  to  follow  each  other  in  rotation. 
Outside  the  com  belt  it  makes  no  difference  what  the  rotation  is  from 
the  standpoint  of  root-aphis  injury,  because  no  other  field  crop  is 
injured  by  this  insect  When  an  old  cornfield  is  sown  to  some  rota- 
tion crop,  such  as  one  of  the  small  grains,  the  ants  are  unable  to 
find  food  for  the  aphis  except  on  the  roots  of  weeds,  which  are  soon 
killed  out  by  the  attacks  of  the  aphis,  or  are  smothered  by  the  grain. 
Large  numbers  of  the  aphis  will  then  acquire  wings  and  leave  the 
field.  There  is  some  evidence  that  others  are  eat^n  by  the  ants,  but, 
one  way  or  the  other,  the  field  is  freed  of  them. 

MAINTENANCE    OF    SOIL    FERTILITr. 

The  maintenance  of  soil  fertility  by  the  direct  application  of  ferti- 
lizers does  not  lessen  the  numbers  of  the  aphis,  but  by  furnishing  the 
com  plant  with  sufficient  food  it  enables  it  to  make  a  strong  growth 
and  mature  a  crop  in  spite  of  the  aphis.  This  benefit  is  shown  in 
the  illustrations  (Plate  V),  from  photographs  taken  by  Mr.  W.  J. 
Phillips  at  Richmond,  Ind. 

EARLY   PLOWING,   FOLLOWED   BY    FREQUENT   CULTIVATIONS. 

In  order  to  reduce  the  numbers  of  the  root-aphis  old  cornfields 
in  the  Northern  States  should  be  plowed  in  the  fall  or  early  spring, 
and  then  the  ground  should  be  stirred  several  times  before  planting, 
with  a  com  cultivator  or  disk  harrow.  The  burrows  of  the  ants 
infrequently  go  deeper  into  the  ground  than  6  inches,  so  that  if  the 
ground  is  turned  over  and  thoroughly  stirred  their  nests  are  broken 
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up  and  the  contents  so  scattered  that  the  ants  are  able  to  recover  only 
a  few  of  their  own  eggs  and  larvae,  and  fewer  yet  of  the  aphis  eggs. 
This  method  also  prevents  the  weeds  from  getting  a  start,  so  that 
there  is  no  food  for  the  young  larvae  which  hatch  from  those  eggs 
which  the  ants  are  able  to  preserve.  This  is  a  good  treatment  for 
land  that  is  to  be  planted  to  corn  throughout  the  section  of  country 
where  the  root-aphis  is  found,  but  more  especially  in  the  northern 
part  of  the  infested  territory. 

In  the  more  southern  part  of  the  range  of  this  insect  winter  plow- 
ing may  be  practiced  with  good  results  wherever  the  land  is  suffi- 
ciently level  so  that  it  will  not  wash  badly.  Winter  plowing  breaks 
up  the  ants'  nests  and  scatters  the  contents  of  these  nests  at  a  time 
when  the  ants  are  least  able,  because  of  the  cold  wet  weather  and 
shortness  of  the  food  supply,  to  recover  from  the  injury. 

One  example  of  the  effects  of  winter  plowing  that  came  under  the 
observation  of  the  Bureau  of  Entomology  was  as  follows :  Mr.  John 
Bowie,  at  Annapolis  Junction,  Md.,  plowed  the  major  portion  of  a 
60-acre  field  in  the  winter  of  1905-6,  leaving  unplowed  a  small  strip 
in  the  middle,  which  he  finished  in  the  spring.  Prof.  F.  M.  Webster 
visited  this  field  July  28,  1906,  and  found  that  owing  to  injuries  by 
the  root-aphis  the  spring-plowed  portion  of  the  field  would  almost  fail 
to  produce  a  crop,  while  the  winter-plowed  portion  gave  promise  of 
an  unusual  yield.  On  the  spring-plowed  area  much  of  the  corn  was 
missing,  while  many  of  the  surviving  stalks  were  dwarfed.  By  these 
signs  it  was  easy  to  determine  at  a  glance  the  dividing  line  between 
the  two  areas.  On  September  22,  1906,  just  after  the  corn  was  cut 
and  shocked,  this  field  was  visited  by  Mr.  C.  N.  Ainslie,  and  he,  too, 
was  able  clearly  to  separate  the  two  areas,  being  guided  only  by  the 
appearance  of  the  stubble. 

In  the  southern  part  of  its  range  the  corn  root-aphis  is  able  to 
spend  the  entire  summer  on  its  wild  food  plants,  and  these  wild 
plants  are  especially  infested  in  the  late  summer  and  early  fall.  If, 
then,  these  weeds  are  destroyed  by  thorough  cultivation,  the  root- 
aphis  is  encouraged  to  leave  the  fields.  In  the  fall  eggs  are  laid  on 
the  roots  of  late  scrub  corn  which  was  not  harvested  and  on  the  roots 
of  weeds  such  as  Ambrosia  and  pigweed.  Fall  plowing  as  soon  as 
possible  after  the  crop  is  harvested  will- prevent  these  eggs  from  being 
laid  in  the  field.    The  land  may  then  be  put  into  some  cover  crop. 

REPELLENTS. 

The  method  of  combating  the  root-aphis  by  direct  application  of 
repellents  to  the  seeds  was  investigated  by  Doctor  Forbes  and  re- 
ported in  the  Twenty-fifth  Report  of  the  State  Entomologist  of 
Illinois.  Many  substances  were  experimented  with,  such  as  oil  of 
lemon,  oil  of  cloves,  kerosene,  and  carbolic  acid.    Of  these,  oil  of 
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lemon  appears  to  be  most  promising.  A  solution  of  the  oil  in  alco- 
hol— 1  part  of  the  oil  to  9  parts  of  ordinary  commercial  alcohol — is 
used.  About  3  ounces  of  this  mixture  is  used  to  a  gallon  of  com.  It 
should  be  stirred  thoroughly  till  all  the  seed  is  moistened.  This 
treatment  costs  only  10  cents  an  acre  for  the  materials,  and  appears 
to  be  very  effective. 

INJUBY  TO  COTTON. 

A  form  of  Aphis  maidi-radicis  was  very  injurious  to  young  cotton 
on  the  light  sandy  soil  of  the  eastern  parts  of  North  Carolina  and 
South  Carolina  throughout  the  seasons  from  1907  to  1909.  During 
this  time  it  was  the  most  injurious  enemy  of  cotton  in  that  region. 
In  this  form,  which  is  apparently  the  same  as  that  found  on  com  at 
Duncan,  Okla.,  by  Mr.  T.  D.  Urbahns,  of  this  Bureau,  the  spots  on 
the  back  of  the  apterous  vivipara  are  larger  and  darker  than  they 
are  on  the  typical  Aphis  maidi-radicis  as  found  on  com  roots  in 
Illinois.  The  third  antennal  segment  has  two  or  three  circular  sen- 
soria  which  are  not  present  in  the  Illinois  variety.  Although  this 
insect  was  first  brought  to  the  attention  of  entomologists  as  a  cotton 
pest  in  1907,  some  of  the  cotton  planters  in  North  Carolina  have 
known  of  it  for  upward  of  twenty  years. 

It  attacks  cotton  just  as  soon  as  the  young  plants  appear  above 
ground  and  is  usually  first  noticed  when  the  plants  are  about  2  inches 
high.  The  cotton  plants  in  certain  areas  will  turn  red  and  die, 
shriveling  up  so  that  they  can  be  seen  with  difficulty.  In  one  field, 
examined  May  28,  1909,  at  Marion,  S.  C,  by  Mr.  G.  G.  Ainslie,  fully 
90  per  cent  of  the  cotton  was  infested.  As  a  rule  most  of  the  aphides 
observed  were  in  a  cluster  on  the  main  stem  just  below  the  surface 
of  the  ground,  but  a  few  could  be  found  anywhere  on  the  roots,  even 
to  the  tips  of  the  longest  rootlets.  Mr.  Ainslie  found  as  many  as 
200  insects,  in  all  stages,  on  one  plant. 

As  far  as  the  study  of  this  insect  has  gone  it  appears  that  the 
root-aphis  infests  cotton  only  while  the  plants  are  young  and  tender, 
and  leaves  as  soon  as  the  roots  begin  to  get  hard  and  woody;  or  they 
remain  only  on  the  fibrous  rootlets  deep  down  in  the  soil  where  they 
are  unable  to  do  much  damage.  They  leave  the  plants  as  winged 
migrants  or  are  transferred  by  the  ants  to  some  of  the  numerous 
wild  food  plants  of  this  species. 

The  ravages  of  this  insect  in  the  cotton  fields  can  be  largely  pre- 
vented by  proper  rotation  and  better  cultivation.  Most  of  the 
planters  reported  that  the  insect  was  less  injurious  where  cotton  was 
grown  after  cotton.  This  is  because  the  cotton  fields  are  usually  well 
cultivated,  so  that  when  the  root-aphides  leave  the  cotton  plants  they 
leave  the  cotton  fields,  and  their  eggs  are  not  left  in  the  fields  in  the 
fall. 
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Many  of  the  planters  report  that  cotton  is  more  seriously  injured 
when  it  is  planted  after  corn.  This  is  because  the  root-aphis  can  feed 
on  the  roots  of  corn  all  summer  and  also  because  the  cornfields  are 
not  kept  clear  of  the  wild  food  plants  of  this  insect.  For  this  reason 
the  aphides  can  find  an  abundant  food  supply  in  the  cornfields  all 
summer.  In  cornfields  as  far  south  as  Salisbury,  N.  C,  the  eggs  of 
this  aphis  are  laid  on  the  roots  of  late  replanted  or  scrub  corn  which 
was  left  uncut,  or  more  often,  perhaps,  on  the  roots  of  its  wild  food 
plants.  These  eggs  are  then  taken  into  the  burrows  of  the  ants  and 
cared  for  by  them  during  the  winter.  When  these  eggs  hatch  in  the 
spring,  the  young  larvae  are  placed  by  the  ants  on  the  roots  of  cotton 
or  corn,  if  these  crops  are  up ;  if  not,  they  are  placed  on  weed  roots 
and  live  there  for  a  while,  and  most  of  them  are  transferred  to  the 
roots  of  corn  and  cotton  as  soon  as  these  plants  become  available. 

If  corn  is  to  be  followed  by  cotton,  it  will  be  best  to  plow  the  land 
as  early  as  possible  in  the  fall  and  to  sow  to  a  cover  crop  later.  This 
will  prevent  the  eggs  of  the  root-aphis  from  being  laid  in  the  field, 
while  the  plowing  and  cultivation  will  break  up  the  nests  of  the  ants 
and  prevent  them  from  caring  for  the  eggs  that  are  laid.  The 
borders  of  the  field  should  be  kept  as  clear  of  weeds  as  possible. 

INJUBY  TO  ASTERS. 

The  first  record  we  have  found  regarding  the  injury  of  a  root- 
aphis  to  the  Chinese  or  German  aster  is  in  an  article  on  "  The  culture 
of  the  aster,"  by  Edward  S.  Rand,**  in  which  he  says : 

The  earth  should  not  be  sandy,  as  in  such  soil  they  are  very  subject  to  the 
attacks  of  a  root-aphis,  which  always  proves  fatal  to  the  plant. 

And  again: 

For  the  root-aphis  which  troubles  the  plant  in  sandy  soils  we  know  of  no 
remedy  but  to  dig  up  the  affected  plant  and  destroy  the  insect. 

From  this  it  appears  that  the  root-aphis  was  well  known  as  a 
serious  enemy  of  the  aster  in  New  England  as  early  as  1858,  or  only 
about  thirteen  years  after  the  China  aster  became  numerous  there. 
A  later  record  is  found  in  the  Practical  Farmer  for  1875,  an  extract  of 
which  is  given  in  the  Horticulturist  and  Journal  of  Rural  Art  and 
Taste,^  where  mention  is  made  of  the  "  dusty  louse  "  which  "  is  found 
at  the  roots  of  German  asters  in  hot,  dry  weather."  Watering  the 
asters  heavily  is  mentioned  as  a  remedy. 

The  first  record  in  the  files  of  the  Bureau  of  Entomology  in  regard 
to  this  pest  on  asters  is  an  inquiry  from  Washington,  D.  C,  in  July, 
1899.     Since  then  inquiries  have  come  from  the  following  States: 

«  Trans.  Mass.  Hort.  Soc.  f.  1858,  pp.  26.  27. 

*  Horticulturist  and  Journal  of  Rural  Art  and  Taste,  vol.  30,  p.  366,  1875. 
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Massachusetts,  Connecticut,  Rhode  Island,  New  York,  New  Jersey. 
Delaware,  Maryland,  West  Vir^nia,  Ohio,  and  Illinois. 

Mr.  J.  A.  Kreutzberg,  writing  from  Chicago,  111.,  September  9, 
1908,  says: 

From  500  to  1,000  plants  grown  from  seed  early  every  year  In  the  hotbed, 
and  in  due  time  transplanted  in  the  o[)en  ground,  rarely  more  than  one-third 
survive  and  pull  through  to  full  growth  and  beauty.  The  trouble  apiJears  to 
be  a  small  green  louse  which  looks  like  the  aphis  which  infests  the  rose  bushes, 
lodging  in  the  roots,  forming  large  colonies  in  them,  and  working  their  way  up 
in  the  plants  to  the  surface  of  the  ground.  Some  of  the  plants  are  blighted  as 
soon  as  they  are  set  in  the  ofien  ground,  some  later,  and  some  when  the  plants 
are  in  full  bloom.  The  moment  that  the  i)lants  are  attacked  by  these  parasites 
they  show  it  by  turning  yellow  and  wilting  down  to  the  ground. 

In  a  later  letter,  September  15,  1908,  he  says : 

I  this  morning  pulled  up  three  aster  plants  which  were  in  full  bloom,  yet 
showed  the  taint  of  the  ravages  of  the  aphis,  which  apparently  did  not  attack 
the  plant  until  quite  recently.  In  looking  over  my  aster  field  this  morning 
1  find  that  nearly  every  plant  is  affected,  which  was  conclusive  proof  to  me  that 
these  little  pests  begin  their  attack  during  all  stages  of  growth  of  the  plants. 
Some  are  attacked  immediately  after  transplanting  to  the  open  ground,  others 
a  little  later  on,  and  some  that  seem  to  have  strength  enough  to  pull  through 
and  are  in  bloom  are  attacked  after  the  bushes  are  loaded  with  flowers.  These 
three  plants  that  I  pulled  today  were  loaded  with  the  insects,  but  of  a  different 
color  than  I  have  found  them  heretofore,  but  apparently  the  same  genus. 

The  other  reports  are  much  the  same.  The  aphides  apparently  at- 
tack the.«sters  as  soon  as  they  are  set  out  in  the  open  and  feed  on 
them  till  the  sexual  forms  appear  and  the  eggs  are  laid  in  the  fall. 
The  correspondents  often  report  that  the  aphides  are  attended  by 
ants,  but  only  one  species  has  been  taken  and  identified.  Lamus  alie- 
mis  Forst  was  sent  to  the  Bureau  by  Mr.  C.  R.  Cranston  from  Provi- 
dence, R.  I.,  with  the  following  information : 

Just  as  the  [aster]  buds  l>egin  to  form,  the  leaves  all  turn  yellow  and  the 
plant  never  blooms.  On  pulling  some  up  I  found  that  ants  had  taken  green 
plant  lice  under  ground  to  suck  the  sap  from  the  roots. 

It  should  be  easy  to  keep  the  asters  free  from  this  pest  if  the  fol- 
lowing precautions  are  taken :  Choose  for  the  aster  bed  ground  that 
has  not  grown  asters  or  corn  for  the  past  year.  Free  this  ground 
from  the  wild  food  plants  of  this  species  some  time  during  August 
Then,  if  there  is  no  crop  on  the  ground,  it  may  be  cultivated,  covered 
with  manure,  and  left  till  next  spring.  The  only  way  for  the  aphis 
to  reach  the  plants  on  this  ground  would  be  for  the  winged  migrants 
to  fly  to  the  plants  and  then  be  captured  and  taken  to  the  roots  by 
ants.  It  is  extremely  improbable  that  those  reaching  the  plants  in 
this  way  could  increase  in  numbers  fast  enough  to  do  serious  injury. 
In  fact,  if  the  asters  are  planted  in  ground  which  has  not  grown 
asters  or  corn  the  past  year,  and  which  is  not  located  near  a  field  of 
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com  or  an  infested  aster  bed,  they  will  not  be  troubled  with  this  pest, 
provided  the  wild  food  plants  of  the  pest  were  removed  from  the 
vicinity  of  the  bed  as  mentioned  above. 

OTHEB  CULTIVATED  POOD  PLANTS. 

A  root-aphis  was  reported,  in  October,  1908,  by  the  M.  Crawford 
Company,  of  Cuyahoga  Falls,  Ohio,  to  be  injuring  strawberry  plants 
in  a  field  which  had  been  in  corn  the  year  before.  This  aphis  was 
identified  by  Mr.  Theo.  Pergande  as  Aphis  maidi-radicis. 

Mr.  C.  H.  Popenoe,  of  this  Bureau,  collected  it  from  the  roots  of 
cabbage  at  Doncaster,  Md.,  July  24,  1907.  These  specimens  were 
also  identified  by  Mr.  Pergande  as  Aphis  maidi-radicu. 

These  aphides  were  found  to  be, injurious  to  pumpkin  and  water- 
melon at  French  Creek,  W.  Va.,  in  July,  1908,  as  reported  in  a  letter 
from  Mr.  F.  E.  Brooks : 

I  have  found  the  aphlff  on  roots  of  watermelon  and  pumpkin  growing  where 
an  old  sod  of  orchard  grass  was  plowed  down  last  spring.  The  cucurbits  grew 
about  100  yards  from  a  cornfield  that  was  Infested  last  season. 

What  is  supposed  to  have  been  Aphis  maidi-radicis  was  reported 
from  Dover,  Del.,  to  be  injuring  French  artichoke.  Mr.  Theophile 
Bemeau,  of  Dover,  in  a  letter  to  the  Bureau  of  Entomology,  August 
25,  1908,  says: 

I  am  cultivating  French  articholte,  Cynara  scolymus,  and  have  some  trouble 
with  minute  insects  which  settle  on  the  roots  and  suck  the  sap,  to  the  great 
detriment  of  the  plant. 

Mr.  Berneau  reported  that  these  insects  were  accompanied  by  a 
great  number  of  ants. 

This  species  was  reported  as  injurious  to  dahlia  at  Longmeadow, 
Mass.,  and  at  Springfield,  Mass.,  in  1906.  In  a  letter  from  Spring- 
field dated  June  4,  1906,  Mrs.  T.  G.  Forster  says: 

I  have  set  out  a  few  dahlia  bulbs  and  find  they  will  not  grow.  To-day  on 
unearthing  some  of  them  I  find  the  roots  and  also  the  sprouts — the  part  in- 
side the  ground — covered  with  small  white  lice  which  seem  to  eat  the  small 
new  roots  as  they  start  to  grow.    Have  had  some  trouble  with  them  before. 

DESCBIPTION  AND  SYNONYMY. 

There  is  some  question  as  to  whether,  in  our  study  of  this  insect, 
we  are  dealing  with  one  or  with  more  than  one  species.  There  is  a 
form  which  feeds  on  the  fleabanes  (Erigeron)  and  on  wild  asters, 
described  by  Cyrus  Thomas  in  1879  as  Aphis  middletoni.  This  is 
probably  a  distinct  species,  although  further  study  may  show  that  it 
is  the  same  as  Aphis  maidi-radicis^  in  which  case  both  forms  would 
be  known  as  Aphis  middletoni  Thos. 

Specimens  found  on  the  roots  of  com,  in  Oklahoma,  by  Mr.  T.  D. 
Urbahns,  of  this  Bureau,  and  on  cotton,  in  South  Carolina,  by  Mr.  G. 
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G.  Ainslie,  at  that  time  a  special  field  agent  of  this  Bureau,  are  about 
the  size  of  the  typical  Aphis  maidi-radicis  but  they  have  circular 
sensoria — usually  about  three  on  the  third  s^ment  of  the  antenna — 
and  have  larger  and  darker  markings  on  the  thorax  and  abdomen 
than  has  the  typical  Aphis  maidi-radicis.  This  form  is  without  much 
question  only  a  variety  of  the  true  Aphis  maidi-radicis.  It  seems 
best  at  the  present  time  to  recognize  two  species,  viz,  Aphis  middU- 
toni  Thos.,.  feeding  on  plants  of  the  genera  Aster  and  Erigeron,  and 
Aphis  maidi-radicis  Forbes,  which  feeds  on  com,  cotton,  and  many 
wild  plants. 


Fig.  58. — The  corn  root-apbls  :  Winged  male,  greatly  enlarged,  and  antenna,  highly  magnl- 

ned.     (Original.) 

Mr.  J.  H.  Cowen  describes  an  aphis  under  the  name  of  Aphis 
menthce-radicis  which  was  taken  on  Mentha  canadensis  at  Hotchkiss, 
Colo.,  July  14.*»  This  is  the  same  as  the  form  on  the  roots  of  corn,  and 
must  therefore  be  considered  a  synonym  of  Aphis  m^idi-radicis.  In 
a  recent  letter  Prof.  C.  P.  Gillette,  entomologist  of  the  experiment 
station,  says: 

I  have  compared  the  type  specimens  with  the  slide  {AphU  inaidi^radiris) 
you  sent,  and  am  a  little  in  doubt  as  to  whether  there  Is  sufficient  differ^ice  to 
consider  the  lice  from  the  mint  as  a  different  species.  I  hardly  think  they  are. 
It  also  seems  that  Mr.  Cowen's  armoracea  is  also  in  all  probability  maidi- 
radicis,  but  before  finally  deciding  this  matter  I  should  like  to  compare  the 

«  Description  published  in  *'A  Preliminary  List  of  the  Hemiptera  of  CJolorado.** 
By  C.  P.  Gillette  and  Carl  F.  Baker.    Bui.  31,  Ck)lo.  Agr.  Exp.  Sta^  p.  121, 1886. 
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living  lice  from  the  diiferent  plants.    Armoracea  we  have  found  very  abundant 
here  ou  horse-radish. 

As  very  complete  descriptions  of  the  different  forms  of  Aphis 
maidi-radicis  have  been  published,  no  descriptions  are  given  in  this 
paper  except  that  of  the  winged  male,  which  has  not  been  before  ob- 
served or  described.  Two  of  these  males  appeared  in  the  vials  in 
which  Aphis  maidi-radicis  from  the  roots  of  A?nbrosia  artemisiifolia 
were  being  reared  on  corn,  and  one  in  the  vial  of  Aphis  from  Lep- 
tochloa  fliformis.  Two  of  these  were  used  in  experiments ;  the  other 
was  preserved  and  is  described  below. 

Ringed  $  (fig.  58). — Head,  thorax,  eyes,  and  appendages  black.  Abdomen 
green,  with  dark  transverse  bars  on  the  dorsal  side  of  the  5th,  6th,  and  7th 
somites.  The  beak  reaches  the  metathorax.  The  antennae  reach  the  caudal 
end  of  the  second  abdominal  somite.  The  circular  sensoria  are  arranged  on 
the  antennae  as  follows :  24  on  the  third,  12  on  the  fourth,  7  on  the  fifth,  4  on 
the  sixth.  Length  of  body,  1.50  mm. ;  length  of  wing,  1.75  mm. ;  length  of  cor- 
nicle, 0.10  mm.     (Measurements  made  from  specimen  mounted  in  balsam.) 

In  1856  Doctor  Fitch  described  the  corn  leaf-aphis  {Aphis  maidis)^ 
and  up  to  1891,  when  it  was  described  by  Doctor  Forbes,  what  is 
now  known  as  Aphis  maidi-radicis  was  supposed  to  be  only  a  root 
form  of  that  found  on  the  leaves.  No  one,  however,  has  been  able 
to  trace  a  sexual  relationship  between  the  two.  Although  the  sexual 
forms  of  A.  maidis  have  never  been  observed,  it  does  not  seem 
possible  that  such  a  relationship  as  was  previously  supposed  can 
really  exist.  Besides,  while,  as  shown  by  map  on  page  114,  Aphis 
maidi-radicis  is  confined  to  the  country  east  of  the  one  hundredth 
meridian.  Aphis  maidis  occurs  from  Maine  to  southern  California. 

THE  EBIGEBON  BOOT-APHIS. 

{AphU  middletoni  Thos.) 

The  species  Aphis  middletoni  Thos.  is  considered  here  because  it 
has  usually  been  identified  as  Aphis  maidi-radicis  in  publications ;  and 
because  it  is  impossible  to  study  one  of  these  forms  on  various  food 
plants  over  a  wide  extent  of  country  without  studying  the  other. 

So  far  as  is  now  known  Aphis  middletoni  infests  normally  plants 
of  the  genera  Aster  and  Erigeron,  usually  in  very  large  colonies  at 
the  crown  of  the  plant  just  below  the  surface  of  the  ground  or  on  the 
large  roots.  The  only  cultivated  plants  it  has  been  known  to  attack 
are  Cosmos  hipinnatus  and  the  China  or  German  asters  (Callistephus 
hortensis)^  and  possibly  also  dahlias  and  French  artichoke  {Cynara 
scolym^tis). 

Aphis  middletoni  was  first  described  by  Cyrus  Thomas,  in  1879,  in 
the  Eighth  Report  of  the  State  Entomologist  of  Illinois.  Since  then 
it  has  been  referred  to  in  literature  only  in  food-plant  lists.    It  has 
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generally  been  confused  with  the  corn  root-aphis,  and  when  found  on 
any  other  plant  except  Erigeron  it  has  usually  been  identified  as 
Aphis  maidi-radicis.  It  is  much  smaller  than  the  latter  species  and 
is  usually  more  heavily  powdered  with  a  waxy  material.  Its  corni- 
cles are  about  one-half  the  length  of  those  of  the  corn  root-aj^is. 
The  third  antennal  segment  in  the  apterous,  viviparous  female  has  a 
group  of  5  or  more  circular  sensoria,  and  there  is  also  a  group  of  cir- 
cular sensoria  on  the  fourth,  and  sometimes  also  on  the  fifth  segment. 
In  the  typical  Aphis  maidi-radicis  these  circular  sen.soria  are  w^ 
present.  The  winged  vivipara  are  smaller  than  those  of  Aphis  maidi- 
radiCis^  have  shorter  cornicles,  and  circular  sensoria  on  the  third. 


Vui.  r>!i.  Map  Hliowin^  diHtribution  of  AphtB  maidi-radicis  and  Aphis  middletoni  in  tht 
TDitod  States.  From  the  records  of  the  Bureau  of  Entomology.  #  LocaUtles  in  whiet 
Aphis  maidi-radicis  has  been  found  or  reported  on  the  roots  of  com.  x  LocaUti^  In 
which  Aphis  maidi-radicis  han  been  reported  injurious  to  asters.  P  LocaUtj  whcR 
ApJiis  maidi-radifis  was  found  on  uncultivated  plants  only.  O  Localities  In  wbkii 
Aphis  middletoni  has  been  collected. 

fourth,  and  fifth  antennal  segments,  while  Aphis  maidi-radicis  has 
these  sensoria  only  on  the  third  segment.  The  same  differences  arc 
found  in  the  oviparous  females. 

This  species  appears  to  have  been  a  native  of  the  Great  Plains,  but 
is'  now  distributed  widely  over  the  territory  east  of  the  Rocky  Moun- 
tains, as  is  shown  in  figure  59. 

UNCULTIVATED  FOOD  PLANTS. 

Aphis  middletoni  has  been  found  on  the  following  wild  food 
plants:  On  Erigeron  canadensis^  mostly  in  the  Northwest:  on 
Erigeron  ramosus^  in  the  Carolinas ;  on  the  roots  of  Aster  subftlatwL 
at  Salisbury,  N.  C.,  from  May  22  until  September  22,  1909,  and  on 
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Aster  ericoides^  from  September  18  until  November  15,  1909.  Sexual 
forms  were  found  on  this  plant  at  Salisbuiry,  N.  C,  November  15, 
1909,  and  at  Rockmart,  Ga.,  November  23,  1909.  Cosmos  {Cosmos 
hipinnatus)^  which  had  escaped  from  cultivation  and  was  growing 
wild  .along  the  roadside  at  Salisbury,  was  also  found  infested  by 
this  aphis  in  October,  and  on  November  5  sexual  forms  were  present 
on  the  roots  of  the  plant. 

CULTIVATED  FOOD  PLANTS. 

Specimens  of  an  aphis  which  attacked  the  roots  of  China  asters 
{Callistephus  hortensis) ^  received  from  Dr.  E.  P.  Felt,  of  Albany, 
N.  Y.,  apparently  belong  to  this  species,  but  specimens  collected  from 
the  roots  of  cultivated  aster  at  Chicago  by  Mr.  J.  J.  Davis  are  with- 
out any  doubt  Aphis  maidi-radicis.  It  is  yet  an  open  question  to 
which  species  the  insect  which  has  been  attacking  cultivated  asters 
in  the  North  Atlantic  and  New  England  States  belongs.  The  species 
which  attacks  dahlias  and  French  artichokes  {Cynara  scolymus) 
belongs  to  one  of  these  two,  but  to  which  one  can  only  be  settled  by 
obtaining  more  material.  Cosmos  hipinnatus  was  found  infested 
by  Aphis  middletoni  October  6, 1909,  at  Salisbury,  N.  C.  The  writer 
has  found  no  record  in  the  American  or  foreign  literature  of  an 
aphis  infesting  the  roots  of  dahlia,  artichoke,  or  cosmos.  Cosmos 
hipinnatus^  which  grows  wild  in  Mexico,  may  have  been  one  of  the 
original  food  plants  of  this  species. 

ATTENDANT   ANTS. 

The  Erigeron  root-aphis  is  attended  by  a  larger  number  of  ant ' 
species  than  is  Aphis  m/zidi-radicis.  It  is  seldom  found  associated 
with  Lasius  niger  L.  var.  americanus  Emery,  which  commonly  attends 
the  corn  root-aphis,  but  is  ordinarily  found  attended  by  a  medium- 
sized  black  ant,  Cremastog aster  lineolata  Say,  which  on  the  other 
hand  seldom  attends  the  com  root-aphis. 

Lasius  niger  americanus  was  observed  associated  with  this  species 
by  Mr.  J.  A.  Hyslop  at  Nathalie,  Va.,  July  9, 1908,  and  by  the  writer 
at  Salisbury,  N.  C,  on  Cosmos  hipinnatus  November  5,  1909,  and  on 
Aster  ericoides  November  15,  1909. 

Cremastogaster  lineolata  was  observed  associated  with  this  root- 
aphis  by  the  writer  at  Salisbury,  N.  C;  by  Mr.  G.  G.  Ainslie  at 
Clemson  College,  S.  C,  and  by  Mr.  Paul  Hayhurst  at  Ponca  City, 
Okla.,  Newkirk,  Okla.,  and  Wellington,  Kans.  At  Winfield,  Kans., 
it  was  found  by  Mr.  Hayhurst  associated  with  the  varieties  of  this 
ant  known  as  opada  and  clara.  This  ant  and  aphis  were  also  found 
associated  at  Wellington,  Kans.,  by  Mr.  E,  O.  G.  Kelly. 
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The  following  ants  were  found  associated  with  this  species  on  the 
roots  of  Erigeron  canadensis:  By  Mr.  Hayhurst — Pkeidole  sp.  at 
Arkansas  City,  Kans.,  Solenopsis  geminata  Fab.  and  Dorymyrm,^ 
pyramicns  Roger  at  Kingfisher,  Okla.,  and  Iridomyrmex  analis  Em. 
at  Newkirk,  Okla.;  by  Mr.  Kelly — Solenopsis  molesta  Say,  Logins 
interjectus  Mayr,  Monomorium  minutum  Mayr  var.  minimum  Buck- 
ley, and  Ponera  coarctata  Latr.  var.  pennsylvanica  Buckley,  at  Wel- 
lington, Kans.;  by  Mr.  G.  G.  Ainslie — Pheidole  vinelandica  Mayr  at 
Marion,  S.  C.  The  ant  Prenolepis  im^paris  Say  was  found  by  the 
writer  associated  with  this  root-aphis  on  Aster  ericaides  at  Rock- 
mart,  Ga. 

LABORATORY    AND    FIELD    EXPERIMENTS. 

Many  laboratory  experiments  were  carried  on  by  the  writer  at 
Salisbury,  N.  C.,  to  determine  the  adaptability  of  Aphis  middletoni 
to  other  food  plants.  Wingless  females  were  taken  from  the  roots  of 
Erigeron  ramosus  and  transferred  to  sprouting  corn  and  to  sprouting 
cotton  in  vials,  and  although  this  experiment  was  tried  several  times, 
using  several  females  each  time,  it  was  unsuccessful.  A  number  of 
experiments  were  tried,  using  the  females  from  the  roots  of  Aster 
subulattis.  These  also  were  unsuccessful,  with  the  following  single 
exception:  Females  removed  from  the  roots  of  Aster  subulntiis  to 
sprouting  cotton,  August  30,  produced  young  which  succeeded  in 
supporting  themselves  on  the  cotton.  Several  generations  were  pro- 
duced, but  the  aphides  never  acquired  the  characters  of  Aphis  mmdi- 
radicis.  Oviparous  females  were  produced  October  9  and  others  were 
produced  later,  the  experiment  being  closed  November  22. 

Mr.  Kelly  carried  on  similar  experiments  at  Wellington,  Kans.,  in 
1908,  which  were  more  successful.  His  experiments,  in  brief,  are  as 
follows : 

Experiment  D. — A  stem-mother  was  removed  from  the  roots  of  a  young 
Erigeron  plant  May  9  and  placed  on  a  young  Erigeron  plant  in  a  vial.  The 
young  which  she  produced  were  placed  on  sprouting  com  in  vials. 

Experiment  D\ — One  young  born  May  10(?)  became  adult  May  19  and  pro- 
duced 45  young  between  May  20  and  June  7. 

Experiment  F*. — One  larva  removed  from  cage  D  May  12,  matured  May 
22(  ?),  and  produced  35  young  from  May  22  to  June  2. 

Experiment  F*. — One  larva  from  cage  F\  bom  May  22,  matured  May  30,  and 
produced  32  young  from  May  30  to  June  7. 

Experiment  F*. — Larvw  removed  from  the  above  experiment  May  30  did  not 
mature  on  com. 

Mr.  G.  G.  Ainslie  carried  on  similar  experiments  in  1908  at  Clem- 
son  College,  S.  C.    The  most  successful  experiment  was  as  follows : 

A  few  aphides  from  the  roots  of  Erigeron  canadensis  were  placed 
on  sprouting  corn  in  a  vial,  October  30 ;  by  November  9  four  young 
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had  been  produced  and  on  November  20  one  wingless  viviparous 
female  remained  alive.    The  experiment  was  closed  November  20. 

These  experiments  show  that  the  Erigeron  aphis  can  be  transferred 
to  corn  or  cotton  roots  and  will  live  on  these  plants.  It  seems  to  take 
to  these  plants  more  readily  early  in  the  spring  or  late  in  the  summer, 
when  a  migration  from  a  wild  food  plant  is  about  to  take  place.  The 
fact  that,  when  grown  on  com,  this  aphis  still  retains  its  distinctive 
characters,  instead  of  acquiring  the  characters  of  Aphis  maidi-radicis^ 
goes  to  show  that  these  two  are  distinct  species. 

Mr.  Hyslop  and  Mr.  Kelly  carried  on  experiments  of  a  different 
nature  for  the  purpose  of  determining  these  points. 

Mr.  J.  A.  Hyslop,  on  July  29,  1908,  found  specimens  of  Erigeron 
canadensis  in  the  grounds  of  the  U.  S.  Department  of  Agri- 
culture at  Washington,  D.  C,  badly  infested  with  this  aphis.  Near 
these  plants  he  planted  corn,  watermelon,  and  cucumber  seeds.  On 
September  23  he  pulled  all  of  these  plants.  The  Erigeron  plants 
were  infested,  but  no  aphides  were  found  on  the  other  plants,  even 
though  the  roots  intermingled  in  many  instances. 

On  August  11  Messrs.  Kelly  and  Urbahns,  at  Wellington,  Kans., 
planted  corn,  squash,  cucumber,  and  watermelon  near  an  infested 
Erigeron  plant.  These  plants  were  watched  till  October  12,  during 
which  time  the  aphides  continued  on  the  Erigeron,  but  were  found 
at  no  time  on  the  other  plants. 

Mr.  Kelly,  at  Wellington,  Kans.,  on  August  26,  1908,  planted  corn, 
watermelon,  cucumber,  squash,  and  pumpkin  seeds  near  infested 
plants  of  Erigeron  canadensis.  He  examined  these  plants,  Septem- 
ber 29,  but  found  aphides  only  on  the  Erigeron,  although  the  roots  of 
the  plants  often  intermingled. 

These  experiments  show  that  under  natural  conditions  in  the  field 
this  aphis  will  not  change  from  the  Erigeron  to  the  corn.  What  it 
would  do  if  forced  to  leave  the  Erigeron  is  uncertain,  but  we  have 
no  evidence  thus  far  that  it  can  live  for  any  very  long  time  on  the 
roots  of  corn. 

While  making  a  trip  through  the  Northwest,  in  June,  1908,  for  the 
purpose  of  studying  the  insects  affecting  cereal  and  forage  crops,  Mr. 
Kelly  made  a  careful  study  of  Aphis  maidi-radicis  and  A,  mid- 
dletonL  At  Hastings,  Kearney,  Columbus,  and  Fremont,  Nebr.,  and 
at  Missouri  Valley  and  Marshalltown,  Iowa,  Aphis  maidi-radicis 
was  common  on  the  roots  of  corn ;  but  although  Erigeron  canadensis 
was  plentiful,  the  roots  sometimes  intermingling  with  the  roots  of 
corn,  there  were  no  aphides  on  the  roots  of  Erigeron.  At  Bismarck, 
N.  Dak.,  and  Norton  and  Phillipsburg,  Kans.,  the  Erigeron  plants 
were  common  and  had  aphides  on  their  roots,  but  there  were  no 
aphides  on  the  roots  of  corn. 
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At  many  of  the  towns  visited  neither  species  was  found,  although 
their  food  plants  were  plentiful.  If  these  two  forms  were  con- 
sidered to  be  one  species  these  results  would  be  very  difficult  to 
explain. 

At  Salisbury,  N.  C.,  a  colony  of  these  aphides  on  Aster  subtdatics 
was  found  parasitized  by  a  species  of  the  hymenopterous  genus 
Lysiphlebus.  This  colony  was  at  the  crown  of  the  plant  near  the 
surface  of  the  ground. 
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THE  SMOKY  CRANE-FLY. 

(Tipula  infuscata  Loew.) 

By  James  A.  Hyslop, 
Agent  and  Expert, 

INTRODUCTION. 

The  maggots  or  larvae  of  the  Tipulida*  are  known  in  the  several 
parts  of  this  country  by  many  local  names,  among  which,  perhaps, 
the  most  generally  applied  are  "  meadow-maggots,"  "  leather- jackets," 
"  grubs,"  and  "  cutworms."  The  last  name  has  proved  most  unfor- 
tunate, leading  to  great  confusion  in  Departmental  and  station  corre- 
spondence, and  has  arisen  from  a  mistaken,  though  very  prevalent, 
impression  among  farmers  that  these  larva?  are  the  same  as  the  true 
cutworms,  and  that  in  late  spring  when  the  weather  conditions  are 
favorable  the  so-called  "  cutworms "  come  to  the  surface  of  the 
ground  where  they  "  burst ''  from  exposure  to  the  sun's  rays.  The 
larva?,  for  it  is  in  the  larval  stage  of  development  exclusively  that 
these  insects  are  of  economic  importance  to  the  farmer,  are  really 
tlie  young  of  several  species  of  crane-flies — also  known  as  "  galli- 
nippers,"  ''  giant  mosquitoes,""  and  "  daddy-long-legs."  The  last 
name,  however,  is  sometvmes  applied  to  the  eight-legged  and  wingless 
harvest  spiders  (Phalangidje). 

A  comprehensive  economic  treatment  of  this  family  of  insects,  as 
such,  is  impossible  at  the  present  time,  owing  to  the  necessarily  frag- 
mentary condition  of  our  knowledge  of  the  early  stages  of  most  of 
the  species  and  the  great  diversity  of  habits  exhibited  by  those  which 
have  been  studied.    In  mode  of  living  they  range  from  the  aquatic 

Note. — The  author  wishes  to  acknowledge  the  assistance,  received  in  pre- 
pariiiff  this  pai)er,  of  Messrs.  Nathan  Banks,  Fredericlc  Knab,  and  D.  W. 
Coquillett,  who  critically  reviewtnl  the  technical  descriptions,  and  of  Mr.  R.  E. 
SmKlgrass,  who  prepared  the  anatomical  drawinjrs  of  the  larval  head.  The 
other  iUustrations  were  prepared  by  Mr.  J.  F.  Strauss  and  the  author. 
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forms  such  as  Limnophila  lutcipennia  O.  S.,  Helohia  punctipenhU 
Meig.,  Erioptera  graphica  O.  S.  (C.  A.  Hart,  1895),  and  Tipula  ah- 
dominalis  Say,  through  the  semiaquatic  forms,  of  which  Hol^ynma 
rubiginosa  Loew  (V.  L.  Kellogg,  1901)  is  an  example,  to  the  distinctly 
terrestrial  forms  among  which  are  several  species  of  Tipula  and  most 
of  the  species  of  Pachyrhina^  so  far  as  the  latter  have  been  ^udieA 
In  seasonal  development  they  range  from  Tipula  virgo  O.  S« 
T.  eluta  Loew,  Packyrkina  ferruginea  Fab.  and  P.  macrof^r'^ 
Say,  which  are  flying  about  in  March  and  April;  throucrli 
Tipula  spemax  O.  S.  and  T.  angustipennis  Loew,  which  apj>ear  in 
May;  most  of  the  species  of  Pachyrhina^  so  far  as  studied,  Tip»^: 
fuliginosa  Say,  T.  trivittata  Say,  T.  tephrocephala  Loew,  T,  hicomi* 
Loew,  and  T.  graphica  Doane,  abroad  in  early  June;  Tipula  graU 
Loew,  T.  angulata  Ix)ew,  and  T.  tricolor  Fab.,  in  July;  Pachyrhitt'^ 
sodalis  Loew,  a  probable  second  brood  of  P.  ferruginea  Fab.,  Tipvk 
hebes  Loew,  T.  abdoniinalis  Say,  T.  costalis  Say,  T.  macrolabis  Loew, 
T.  valida  Loew,  and  the  second  brood  of  T.  bicomis  Loew,  in  August 
and  September;  and  last  to  Tipula  flavicans  Fab.  and  T.  infuscaU 
Loew,  which  appear  in  October. 

Among  the  observations  on  these  insects  in  relation  to  agriculture 
in  the  United  States  might  be  mentioned  an  article  by  Dr.  T.  W. 
Harris  (1854),  in  which  he  records  receiving  a  bottle  of  tipulid  lar\TP 
with  a  letter  stating  that  they  were  found  alive  in  great  numbers  on 
the  snow  in  March.  Dr.  C.  V.  Riley  (18G7)  briefly  mentions  them  t^ 
of  economic  importance.  Dr.  B.  D.  Walsh  (1869)  refers  to  a  letter 
from  a  farmer  at  Mexico,  Mo.,  who  complains  of  these  larvae  in  his  gar- 
den and  who  notes  that  they  stand  freezing  with  impunity.  Doctor 
Riley  (1870)  published  a  letter  from  a  correspondent  at  MeadviUe. 
Pa.,  in  which  he  records  finding  these  larvae  in  great  numbers  under 
mulch  hay.  Dr.  S.  A.  Forbes  (1888)  reports  a  very  general  and  seri- 
ous outbreak  of  tipulids  {Tipula bicornta.Ijoeyv)  in  grass  and  clover 
meadows  throughout  southern  and  central  Illinois,  many  pastures 
and  hayfields  being  almost  completely  ruined.  He  also  published  a 
letter  from  Doctor  Riley  (1888)  in  which  the  latter  reports  a  venr 
similar  outbreak  in  California  in  1874.  In  an  unsigned  article  in  tht- 
Pacific  Rural  Press  for  March  29,  1889,  record  is  made  of  an  out- 
break in  Healdsburg,  Cal.,  specimens  having  been  received  at  the 
state  agricultural  experiment  station  with  the  note  that  they  were 
completely  stripping  the  wheat  fields.  Prof.  F.  M.  Webster  (189^^ 
records  a  bad  outbreak  of  tipulids  {Tipula  bicomis)  in  Anderson. 
Ind.,  in  1888,  the  larvae  attacking  clover.  He  also  records  an  attack 
of  Pachyrhina  sp.  on  young  wheat  near  Farmersburg,  Ind. 

On  April  2,  1908,  a  number  of  tipulid  larvae  were  received  at  thi- 
office  from  Mount  Vernon,  Ind.,  with  the  note  that  they  were  very 
numerous  in  hay  meadows  in  that  locality.    Mr.  R.  W.  Doane,  in  « 
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letter  to  this  office,  records  a  very  serious  outbreak  of  Tipulidae 
{Tipula  simplex  Doane)  in  central  California  during  the  season  of 
1907,  and  states  that  thousands  of  acres  of  wheat  and  grass  lands  and 
clover  fields  were  absolutely  stripped  of  verdure. 

In  Europe  Tipula  oleracea  L.  and  other  species  have  long  been 
recognized  as  important  pests. 

DBSCBIPTION. 
THE  ADULT. 

The  species  was  originally  described  by  Loew  (1863)  from  a  single 
female  specimen.  The  original  description,  translated  by  the  author, 
is  as  follows: 

Gray,  thoracic  stripes  brownisli  gray,  darlsly  margined,  median  stripe  imper- 
fectly divided;  abdomen  darlily  testaceous,  median  Une  clouded,  posterior 
margin  of  each  segment,  all  of  the  last  segments,  and  the  base  of  the  ovipositor 
brownish  gray,  opaque;  wings  uniformly  faintly  clouded,  the  apex  of  the  same 
color,  costal  cell  and  stigma  clouded.  Length  of  body  1\  lines,  length  of  wings 
from  7i  to  7|  lines.  Head  gray,  rostrum  reddish  brown,  becoming  gray  above, 
palpi  dark  yellow,  apex  nearly  blaclc.  First  antennal  segment  reddish  brown, 
grayish,  second  segment  red,  flagellum  black,  basal  segment  red.  Dorsum  of 
thorax  gray,  stripes  brownish  gray  and  more  darkly  margined,  median  stripe 
imperfectly  divided.  Pleura  whitish  gray.  Abdomen  dark  testaceous,  posterior 
margin  of  each  segment,  all  of  last  segments,  lateral  margin,  and  base  of  ovi- 
positor grayish  brown,  opaque,  narrow  median  stripe  fuscus.  LamellsB  of  the 
ovipositor  ruf ©testaceous,  the  upper  ones  pointed  and  slightly  curved  Inward. 
Wings  faintly  clouded,  apex  of  the  same  color,  first  basal  cell  and  stigma  brown. 

Note. — Very  close  to  Tipula  helva,  except  that  the  whole  body  is  darker 
and  the  wings  are  more  evenly  colored. 

In  addition  to  the  original  description  the  author  desires  to  add  the 
following : 

Female  (fig.  60). — Ovipositor  consisting  of  4  external,  brown,  chitinous  plates 
and  a  semichitlnous  yellow  lingulaform  appendage.  Upper  plates  one-third 
longer  than  lower  ones,  sword-shaped,  slightly  flexed  ventrad ;  on  inner  surface 
of  fused  upper  plates  a  hemispherical,  bilobed,  membranous  cushion  closely 
set  with  fine  hairs ;  lower  plates  truncate  and  nearly  concealed  by  upper  plates 
when  insect  is  at  rest;  inner  surface  of  each  lower  plate  with  several  hairs; 
lingulaform  appendage  triangularly  grooved  dorsally,  and  quite  hairy.  Length 
of  body,  18  mm.;  wing,  15.5  mm.  (measurements  made  from  dried  specimens). 

Male  (fig.  61). — General  color  of  head  and  thorax  brownish  gray,  abdomen 
and  legs  yellow,  eyes  black,  rostrum  yellowish  brown  below  and  pale  yellowish 
gray  above,  palpi  clouded ;  scai)e  of  antennae  yellowish  gray,  distal  half  of  joint 
3  and  remaining  joints  brown.  Thorax  marked  with  a  light-gray  median  line 
which  is  distinct  anteriorly  but  fades  out  about  half  way  to  the  V-shaped 
suture;  a  light-gray  margin  around  the  anterior  border  of  the  mesothorax, 
widening  to  triangular  patches  at  the  spiracles,  and  2  longitudinal  lines  par- 
allel to  the  median  line,  arising  at  the  apices  of  the  triangular  patches  and 
extending  backward  to  the  V-shaped  suture;  pleura  and  coxte  whitish  gray; 
femora  light  yellow,  densely  clothed  with  short  black  hairs;  tibia  and  tarsi 
darker  and  clothed  with  short  black  hairs.     Abdomen  with  narrow  ventral. 
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a  narrow  lateral,  and  a  broad  dorsal  brown  stripe.  Wings  evenly  clouded, 
the  veins,  marginal  cell,  and  stigma  brown.  Hypopygium  globular,  though  d-^ 
conspicuously  broader  than  preceding  segments;  pleural  suture  distinct  at  iB 
distal  end.  although  obliterated  proximally;  middle  apical  appendages  caefa 
bearing  a  stout  black  hook  which  curves  inward,  upward,  and  forward:  upper 
apical  appendages  consisting  of  sparsely  hairy,  quadrate,  yellow  flaps  which 
are   rolled^  upward,   inward,   and   then  downward ;    lower   apical   appendages 


Fm.  (>0.  — Tho  crane-fly  {Tipula  injuscatu)  :  n.  Adult  female;  6,  ovipositor,  lateral  aspect: 
c,  lower  ponltal  plate,  inside  surface ;  d,  head,  dorsal  aspect ;  e,  antennal  joints ;  /,  ori 
posiior.  ventral  aspect,  with  lower  plates  removed;  g,  lengnlaform  appendage  of  saior 
About  natural  size.     (Ori(?lnal.) 

consist  ing  of  heavy,  convex,  triangular  pieces  bearing  several  hairs.  A  smal. 
seuiichitinous  flajj  is  situated  directly  above  the  ventral  carina.  Two  pronii 
neiit  blunt  teeth  arm  the  dorsum  of  the  ninth  segment  Length  of  l)ody.  IS.*- 
umi. :  wing,  14  mm.  (measurements  made  from  dried  si>eclmens). 

THE  EGG. 

Egg   (fig.  (>2)   shiny  black,  elongate  oval,  one  end  being  slightly  conoldal:  a 
distinct  round  i)it  on  one  side  near  conoid  end.     Length.  8S4fi;  width.  245^ 


Digitized  by  VjOOQ IC 


THE   SMOKY   CRANE-FLY. 


123 


THE  LARVA. 
T^rva   (fig.  03,  a)  filiform.  19  mm.  in  lengtli  nnd  3  mm.  in  diameter  at  its 
widest  point  when  fully  extended.    General  color  dirty  yellowish  brown,  dark- 


FiG.  61. — The  smoky  crane-fly:  a,  b.  Adult  male:  t%  thorax  and  head,  lateral  aspect; 
d,  antennal  Joints  I-IV  ;  e,  tarsal  joint  and  unjciien ;  /,  pypldial  8e;;ments,  terminal 
aspect;  (/,  end  of  abdomen,  lateral  aspect,  a,  natural  size;  6,  enlarged;  c-a,  much 
enlarged.      (Original.) 

ening  to  almost  black  at  the  extremities.  Body  comi)osod  of  13  segments,  the 
head  being  about  two-thirds  incased  in  the  first  and  entirely  retractile  within 
the  first  two  segments.  Posterior  seirment  (fig.  (>.'>,  A:)  ter- 
minated by  4  blunt,  radially  arranged  tubercles,  between 
which  are  2  large  black  spirailes ;  when  contracted  the  4  tn- 
l)ercles  completely  conceal  the  spiracles;  on  ventral  surface 
of  this  segment  are  4  large  and  2  smaller  radially  arranged 
pseudopods,  posterior  to  which  is  the  anus  (fig.  G3,  i). 

Head  (fig.  03,  c,  c)  partly  chitinized,  2.1  mm.  in  length 
and  1.4  mm.  in  width.  Genal  region  extending  backward 
from  the  mandibles  and  maxilhe  as  two  strongly  convex 
plates,  deeply  pigmented  on  their  anterior  half  and  fading 
out  to  transparent  cliitin  on  their  posterior  margins.  These 
plates  are  widely  separated  {wstero-ventrally  to  form  the  pharyngeal  foramen; 
antero-ventrally  they  are  continuous  with  the  mentum.  Dor.sally  they  appear  to 
55540^— Bull.  85,  pt  7—10 2 


•iiiliMiittiiih^ 


Fig.  (VJ. 
crane   - 
Highly 


The  smuU/ 
fly  :  Eggs, 
magnified. 


« Original.) 
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approxlnintp  oiwh  othor,  owing  to  2  i>o8teriorly  directed,  narrow  lobes,  leaving 
iK^twwn  thenj  a  narrow,  dorsal,  median,  semitransparent  area  which  widens  an- 


Fk;.  G.']. — The  smoky  crano  flj' :  a.  Larva,  loft  sido ;  h,  clypco-labral  part  of  head,  dorsal 
aspect;  c,  veutral  aspect  of  head,  sliowinjr  also  position  of  front  edge  of  prothorax: 
(1,  maxilla;  e,  dorsal  view  of  head;  /,  left  mandible  and  its  muscle  apodemes.  ventral 
aspect;  g,  left  mandible,  dorsal  aspect ;  7i,  mental  lobes  of  ventral  wall  of  head;  i,  anal 
se^rment,  terminal  asped  :  k.  same,  dorsal  aspect,  a,  Enlarged;  h-k,  more  enlarped. 
(Original.) 

teriorly  to  receive  the  fused  frons,  clyi)eus.  and  labrum.     Postero-ventrally  the 
gnlar  region  seems  to  be  separated  from  the  occipital  reirion  by  a  transi»areut 
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area  extending  from  the  pharyngeal  foramen  dorsally  and  posteriorly  about  one- 
third  of  the  distance  to  the  vertex.  Mentum  (fig.  63,  /i)  terminated  by  a  median 
blunt  lobe  sui)ported  on  each  side  by  a  smaller  lobe  and  two  partly  fused  lobes; 
a  nonchitlnized,  transparent  area  extends  from  the  pharyngeal  foramen  into  the 
apex  of  this  organ,  this  area  separated  from  the  foramen  proi)er  by  a  pair  of 
posteriorly  directed,  blunt  lobes  of  the  gular  region.  Labrum  bearing  on  its 
dorsal  surface  a  pair  of  broad  protuberances  (fig.  G3,  &)  each  surmounted  exter- 
nally with  a  brush  of  fine  hairs  and  Internally  with  a  rounded  tubercle  bearing 
3  peculiarly  formed  bristles.  Antennae  single  jointed,  cylindrical,  about  one- 
fourth  as  wide  as  long,  situated  above  the  mandibles;  basal  tubercle  trun- 
cate, about  one-half  length  of  antennae.  Mandibles  (fig.  63,  /,  g)  stout,  the 
crown  concave  and  provided  with  2  large  external  teeth  and  a  smaller  dorsal 
internal  one.  Maxillae  (fig.  63,  d)  quadrate,  each  being  provided  with  2  ante- 
rior and  1  lateral  tuft  of  hairs  and  a  short  truncate  cylindrical  palpus.  Body 
integument  attached  to  head  capsule  at  a  line  passing 
around  head  directly  behind  mandibles.  Thoracic  and 
abdominal  segments,  except  anal  segment,  without  ex- 
ternal appendages  or  vestiture  of  any  kind.  Circum- 
Btigmal  tubercles  armed  on  their  inner  borders  with  a 
row  of  very  short  spines  supported  by  a  row  of  fine  hairs. 

THE  PUPA. 

Pupa  (fig.  64)  cylindrical,  slightly  sinuate  in  profile, 
19  mm.  in  length  and  2  mm.  in  diameter.  Cases  con- 
taining wings,  antennae,  and  legs  free  and  lying  ap- 
pressed  to  venter.  General  color  yellowish  brown,  the 
head,  wings,  antennae,  legs,  and  thoracic  respiratory 
tubes  dark  brown.  A  light  yellow  strii>e  bordered  by 
a  fuscous  line  on  either  side,  situated  directly  ventral 
to  the  spiracles,  extends  from  tip  of  wings  to  base  of 
anal  segment.  The  fuscous  line  dorsal  to  this  stripe 
is  continuous  with  a  wide  fuscous  band  along  the  an- 
terior margin  of  each  segment  dorsally,  and  also  with 
a  narrow  line  defining  each  annulus.  The  band  is 
very  conspicuous  on  the  fifth  segment  but  rather  faint 
on  the  others. 

Head    well   defined;     eyes   prominent.     On    ventral 
surface  directly  between  eyes  is  a  prominent  tubercle 
surmounted  by  a  spine.    Anterior  to  this  spine  and  between  the  antennal  fossae 
are  2  more  spines. 

I*r<)iiotum  bearing  a  pair  of  strongly  clubbed  and  distinctly  annulated  respi- 
ratory tubes  which  are  directed  anteriorly  with  the  clubs  inclined  slightly 
ventrad.  Wings  extending  from  a  short  distance  behind  eyes  to  base  of  first 
abdominal  segment.  Third  pair  of  legs  extending  to  base  of  third  segment  of 
abdomen. 

Abdomen  composed  of  6  segments,  although,  owing  to  annular  constrictions  on 
the  first  5  segments,  appearing  to  have  11.  Each  segment,  except  anal,  provided 
ventrally  with  a  transverse  row  of  8  short,  marginal  spines,  and  2  larger  and 
more  widely  separated  spines  near  anterior  margin;  segments  provided  dorsally 
with  a  similar  transverse  row  of  10  short  marginal  spines  arranged  in  groups; 
the  two  groups  nearest  median  line  consisting  of  2  spines  each  and  the  groups 
nearest  stigmata  with  3  spines  each.  Dorsal  surface  of  segments  directly 
anterior  to  this  transverse  row  of  spines  and  posterior  to  the  annulus  finely 


Fig.  04. — The  smoky 
crane-fly :  Pupa,  lateral 
aspect.  Enlarged. 
(Original.) 
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hairy.  Tergiiiu  of  ana  I  seRment  bearing  3  pairs  of  transversely  placed,  acutely 
couoida  tubercles;  one  i»air,  tlie  tubercles  of  which  are  placed  near  together, 
situaled  near  middle:  a  second  pair,  widely  separated  and  posterior  to  the  first, 
and  a  third  pair  directed  caudad,  not  so  widely  separated  as  the  second,  located 
at  iK)Sierior  marginal  angles.  I)ire<*tly  ventrad  to  the  third  i)air  of  tergal 
tubercles  is  a  sulKpiadrate  lobe  bearing  at  its  outer  angles  a  pair  of  stout 
tubercles.  A  median  emargination  on  the  iwsterior  border  is  continuous  with 
a  metlian  groove  to  the  tergum.  On  each  side  of  this  median  groove  and 
dlrwtly  l)elow  the  terminal  pair  of  tergal  tubercles  are  2  conchate  cavities, 
probably  stigmal  in  function. 

LIFE  HISTORY. 

On  March  20,  1008,  a  number  of  tipulid  larvae  {Tipula  infuscata) 
were  sent  to  this  office  by  Mr.  E.  W.  Lawrence,  of  Jackson,  Tenn., 
with  the  statement  that  they  were  completely  destroying  Japan  clover 
(Li\spe(Ieza  striitUi)  in  the  tenth  district  of  Madison  CJounty,  and 
this  paper  deals  exclusively  with  our  subsequent  investigations  of  this 
particular  s{KK*ies. 

Pearly  in  Octol)er  the  adults  (figs.  60,  61)  of  this  species  are  abroad 
in  great  numbers  among  tall,  rank  grass,  clover,  and  weeds,  from 
which  thcv  rise  awkwardly,  as  one  approaches,  flying  but  a  few  yards 
before  alighting.  They  continue  abundant  in  the  field  during  the 
greater  part  of  October,  belated  individuals  being  found  about  Wash- 
ington, D.  C,  as  late  as  October  30. 

From  material  received  from  Jackson,  Tenn.,  the  first  adults  ap- 
peared on  October  5,  1  male  and  3  females  emerging.  These  females 
mated  almost  immediately  after  emerging,  but  died  without  oviposit- 
ing. On  October  20  a  female  that  emerged  on  Octol>er  13,  and  that 
had  remained  mated  for  over  sixteen  hours,  began  ovipositing  on  the 
slate  bottom  of  the  rearing  cage.  She  would  deposit  three  or  four  eggs 
in  a  given  place  and  then  move  on  excitedly  an  inch  or  more  and 
repeat  the  process.  On  being  placed  in  a  pot  of  earth  she  seemed 
more  at  home,  elevating  her  body  on  the  long  legs,  holding  the 
abdomen  perpendicular  to  the  surface  of  the  ground,  then  slowly 
moving  forward,  bobbing  up  and  down,  and  apparently  feeling  the 
ground  with  the  tip  of  her  ovipositor  until  she  found  a  crevice  or 
hole,  when  she  would  let  her  abdomen  into  the  cavity,  deposit  a  few 
^^^^^.  and  move  on  to  repeat  the  process  at  the  next  crevice  encoun- 
tered. That  the  Tipulida?  normally  flip  the  eggs  about  while  flying 
seems  very  doubtful,  but  under  adverse  circumstances,  such  as  being 
caught  in  spiders'  webs,  as  one  often  sees  them,  they  undoubtedly  use 
this  means,  though  probably  not  intentionally,  of  dispersing  their 
eggs.  A  specimen  of  this  species  etherized  for  examination  threw 
out  176  eggs  by  sudden  sidewise  movements  of  the  upper  and  lower 
genital  plates,  much  as  one  would  snap  the  fingers.  One  egg  was 
thrown  to  a  distance  of  10  inches. 

The  average  number  of  eggs  laid  by  one  female  of  this  species,  as 
determined  by  confining  recently  fertilized  females  in  separate  rear- 
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ing  cages  and  by  dissecting  the  abdomens  of  females  that  had  just 
emerged,  was  approximately  300.  This  number  had  also  been  found 
to  be  about  the  egg-laying  capacity  of  Tipula  hicomis^  as  from  three 
specimens  Prof.  F.  M.  Webster  (1892)  obtained  297,  282,  and  289 
eggs,  respectively ;  and  also  of  Tiptda  tephrocephala^  from  the  abdo- 
men of  a  female  of  which  255  eggs  were  obtained.  A  specimen  of 
Tipula  angustipennis  which  the  writer  collected  at  Pullman,  Wash., 
however,  contained  602  eggs,  and  Mr.  E.  O.  G.  Kelly  found  that  a  con- 
fined specimen  of  an  undetermined  Tipula  from  Kansas  laid  417  eggs. 
The  eggs  laid  in  our  rearing  cages  failed  to  hatch,  but  from  the  notes 
made  by  Mr.  E.  O.  G.  Kelly  on  the  egg  stage  of  an  undetermined 
species  in  Kansas 
they  probably  hatch 
in  from  one  to 
three  weeks. 

The  larva*  (fig. 
63,  a),  which  often 
occur  in  enormous 
numbers,  as  many 
as  200  having  been 
found  in  an  area 
covering  a  little 
over  1  square  foot, 
feed  upon  the  roots 
of  various  plants, 
seeming  to  prefer 
the  Legum  inosae, 
and,  contrary  to 
most  published  acr 
counts  of  the  habits 
of  these  larva^,  they 
not  ■  only  suck  the 
juices  of  the  roots 
but  devour  the 
plant  tissue  itself, 
as  is  evidenced  by  the  stomach  contents  of  several  larva*  examined 
in  this  office.  Moreover,  the  well-developed  biting  mandibles  would 
indicate  a  tissue  feeding  habit.  They  feed  during  the  early  fall 
and  hibernate  as  half-grown  larva*,  resuming  activities  in  the 
spring.  In  feeding,  these  larva?  move  about  in  the  ground  quite 
freely,  as  is  evidenced  by  the  small  molehill-like  ridge«  which  they 
leave,  in  going  from  plant  to  plant  just  under  the  surface  of  the 
ground.  They  become  full  grown  about  the  middle  of  July,  form 
perpendicular  cells  about  3  or  4  inches  underground,  and  remain 
inactive  until  about  the  middle  of  September,  when  they  pupate. 
The  pupal  stage  lasts  from  a  week  to  ten  days.     The  pupa  (fig.  64) 


Fig.  6.'>. — The  smoky  crane-fly :   Adult,  emerging  from  pupal 
case.     Enlarged.     (Original.) 
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then,  by  means  of  the  abdominal  spines,  works  its  way  to  the  surface, 
from  which  it  protrudes  about  two-thirds  of  its  entire  length  (fig.  G5). 
By  swaying  backward  and  forward  the  rapidly  drying  pupal  skin  is 
soon  split  across  the  back  of  the  head  and  down  the  dorsum  of  the 
thorax.  The  swaying  movement  now  serves  to  work  the  adult  out 
until  the  legs  are  freed,  when  with  their  aid  it  rapidly  extricates 
itself.  The  males  usually  appear  first  and  are  swarming  in  the  fields 
when  the  females  emerge,  so  that  the  latter  are  mated  when  their 
wings  are  hardly  dry.  In  Pullman,  Wash.,  the  writer  observed  a 
small  cloud  of  Tipulidee  {Dicranomyia  venusta  Bergr.)  on  April  27, 
1909,  hovering  under  the  eaves  of  the  government  field  insectary. 
Other  similar  observations  have  been  made  on  other  species  and  C.  N. 

Ainslie  (1907)  noted  that 
with  Trichocera  biniac-nl/i 
Walk,  this  was  a  mating 
process. 

NATUBAL  EITEMIES. 
PARASrTES. 

Among  insect  parasites 
but  one  is  known  to  attack 
this  species  or,  as  far  as 
the  writer  knows,  any 
other  tipulid  in  this  coun- 
try.    It  is  a  small  tachinid 

Fig.  m.—Admontia  pergandci,  a  parasite  of  Tipula     fly^      Admontia      Veroandet 
infuacata.     EnlarKcd.      (Original.)  /         ^/»v      j  -i      i    ,         ^-^ 

(hg.  66),  described  by  Mr. 
D.  W.  Coquillett  in  1895.  These  parasites  were  first  noticed  in  the 
rearing  cages  in  which  the  Tipula  larvae  were  confined,  on  October  7, 
when  4  specimens  emerged.  Within  the  next  week  15  more  specimens 
were  taken  from  this  cage.  This  genus  is  recorded  as  parasitic  on 
Tipulidee  in  Europe,  but  heretofore  has  not  been  recorded  as  such  in 
this  country.  A  female  of  this  tachinid  was  dissected  and  found  to 
contain  108  elongate-elliptical  white  eggs  measuring  0.564  mm.  in 
length  and  0.14G  mm.  in  diameter. 

OTHER    INSECT   FOES. 

Prof.  F.  M.  Webster  records  the  carabid  beetles  Pterostichus  lucu- 
bfattduH  Say  and  I\  fenioralis  Kirby  as  probably  predaceous  on  these 
tipulids.  He  also  records  (1888)  the  larvae  of  Harpalus  sp.  and 
Plati/nu^H  sp.  as  preying  on  the  larvae  and  pupae  of  Tipulida»  at  Ander- 
son, Ind.,  and  the  ant  A pfi(F nor/aster  fulva  Roger  as  found  in  the  act 
of  dragging  a  living  adult  tipulid  over  the  ground. 

The  larvae  of  Tro/nhJdItnn  sp.  and  Rhi/ncholophu8  sp.  are  often 
found  attached  to  the  base  of  the  wings  and  abdomen  of  tipulids. 
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BIRDS. 

Among  the  birds  which  are  known  to  feed  upon  the  Tipulidse, 
either  as  eggs,  larva?,  or  adults,  probably  the  most  important  are 
the  wood  thrush  {Eylocichla  mvstelina)  ^  the  Alice  thrush  {Hylo- 
cichla  alidce)^  the  catbird  {Dumetella  carolinensis)  ^  the  robin 
{Planesticus  migratorius) ,  and  the  crow  {Corvics  brachyrhynckos) , 
Of  the  total  stomach  contents  of  22  specimens  of  the  wood  thrush, 
examined  at  the  Illinois  State  Laboratory  of  Natural  History,  12 
per  cent  was  made  up  of  tipulid  fragments,  while  11  specimens  of 
the  Alice  thrush  contained  8  per  cent  of  tipulid  fragments. 

The  following  species  also,  according  to  the  records  of  the  Bureau 
of  Biological  Survey,  are  known  to  feed  to  a  greater  or  less  extent 
on  Tipulidse  or  their  eggs : 


Franklin  gnll   (Larus  franklini). 
VVooilcock   {Philohela  minor). 
Wilson  8nli)e  {Gallinago  delicata). 
Killdeer  {Oxyechus  vociferus). 
Ruffed  grouse   {Bonasa  umbellus), 
Mississippi    kite    {Ictinia   mississippi- 

ensis). 
Yellow-billed  cuckoo  (Coccyzus  ameri- 

catvus). 
Black -billed    cuckoo     (Coccyzus    cry- 

throphthalmuH) . 
Kamchatkan  cuckoo  {Cuculus  canorus 

telephonus). 
Downy  woodpecker  (Dryobatcs  ptihes- 

ccns ) . 
Yellow-bellied  sapsucker  (Sphyrapicus 

varius). 
Red-headed    woodi>ecker    (Melanerpes 

crythroccphalus). 
Flicker  (Colaptes  auratus). 
Texan    nightliawk     (Chordciles    acuti- 

pcnnis  texcnsis). 
Niglithawk    (Chordciles    virginianus) . 
Kingbird   (Tyrannus  tyrannus). 
Arkansas    kingbird    (Tyrannus    vcrti- 

calis). 
Crested    flycatcher    (Myiarchus   crini- 

itis). 
Black  phcebe  (Sayornis  nigricans). 
Phoebe  (t>ayornis  phcebe). 
Say  phcebe  (^Sayornis  say  us). 
Wood  pewee   (Myiochancs  rirens). 
Western     wood     pewee     (Myiochancs 

richardsoni) . 
Western   flycatcher    (Empidonax  diffi- 

cilia). 


Yellow-bellied  flycatcher    (Empidonax 

flaviventris). 
Least    flycatcher     (Empidonax    mini- 
mus). 
Traill  flycatcher   (Empidonax  trailli). 
Acadian  flycatcher  (Empidonax  vires- 

ccn^ ) . 
Wright         flycatcher  (Empidonax 

urighti). 
Blue  jay   (Cyanocitta  cristata). 
Steller  jay   (Cyanocitta  stcllcri). 
Bobolink  (Dolichonyx  oryzivorus). 
Yellow-headed      blackbird      (Xantho- 

ccphalus  xanthocephalus) . 
Red-winged  blackbird    (Agclaius  phce- 

niceus). 
Blcolored  red-winged  blackbird    (Agc- 
laius gubcrnator). 
Meiidowlark  (Sturnclla  magna). 
Bullock  oriole  (Icterus  bullocki). 
Baltimore  oriole  (Icterus  galbula). 
Brewer    blackbird    (Euphagus    cyano- 

cephalus). 
Purple  grackle    (Quiscalus   quiscula). 
Aleutian  rosy  finch  (Leucostictc  grise- 

onucha), 
Snowflake  (Passerina  nivalis). 
Aleutian    savanna    sparrow     (Passer- 

culus  sandtcichensis). 
J  unco   (J  unco  hyemalis). 
W^hite-throated    sparrow    (Zonotrichia 

albicolUs). 
W'hite-crowned    sparrow    (Zonotrichia 

Irucophrys). 
Swamp    sparrow     (Melospiza    georgi- 

ana). 
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Song  gparrow   (Melospiza  melodia). 
Fox  simrrow  {Passerella  iiiaca). 
Lazuli  finch  (Cyanospiza  amama). 
Western    tanager    (Piranga    ludovici- 

ana). 
Purple  martin  (Prognc  subis). 
Cliff     swallow      (Pitrochelidon     luni- 

fronft). 
Bam    swallow    {Hirundo    erythrogas- 

ter). 
Tree  swallow  (Iridoprocne  bicolor). 
Bank  sw^allow  {Riparia  riparia). 
Rough -winged     swallow     {Stclgidop- 

teryx  serripennis) . 
Cedarbird  iRomhyciUa  cedrorum). 
White-eyed  vireo  {Vireo  grUteus). 
Least  vireo  (Vireo  puMllu9). 
Black   and   white   warbler    {Mniotilta 

vatHa ) . 
Yellow  warbler  (Dendroica  (pstira), 
Audubon    warbler     (Dendroica    audu- 

honi). 
Macgillivrny   warbler    (Oporornis   toh 

mei). 
Maryland     yellowthroat      (OeothJypis 

trichan). 
Yellow-breasted  chat  {Icteria  Hrens). 
Wilson  warbler  (Wilsonia  pysilla). 
Retistart  (Setophaga  rvticilla). 
Brown  thrasher    (Toxoatoma  rufum). 


California  thrasher   (Toxostoma  redi- 

rivum ) . 
Cactus     wren      {Heleodylcs     bruftnei- 

capiilus  couesi). 
Rock  wren  (Salpinctes  obsoletus). 
Dotted  canon  wren    (Catherpes  mexi- 

canus  puncti/lattm). 
Bewick  wren   (Thryomanes  beirickH\. 
Long-billed  marsh  wren    {Telmatodf- 

tes  paluatris). 
Plain  tltmouae (Bwolophus  inomatu*\. 
Black-capiied     chickadee     {Penthe$Ui 

atricapUlus) . 
Carolina  chickadee    (Penthestes  cur^ 

linensis). 
Mountain  chickadee  (Penthvmtes  gam- 

beJi). 
Wren  tit  (Chamwa  fasciata). 
Bush  tit  (Psaliripartut  minimyit). 
Ruby-crowned  kinglet  {Regulu*  ca}e%- 

dula). 
Wilson     thrush      (Hylocichla     fusees- 

cenn). 
Russet  -  backed      thrush      (Hylocichla 

ustulata). 
Swainson  thrush   (Hylocichla  ustulatc 

stcainsoni). 
Alaska  hermit  thrush  (Hylocichla  gvi- 

lata). 


FUNGOUS  ENEMIES. 

The  prevalence  of  a  fungous  disease  {Empnsa  sp.)  among  the 
larva^  and  pupa?  of  tipulids  {Paehyrhina  fe/rruginea  Fab.)  at 
Farmersburg,  Ind.,  is  recorded  by  Professor  Webster.  WTien 
attacked  by  this  disease  the  larvae  and  pupae  come  completely  out 
of  the  ground,  turn  black,  and  die.  On  October  27  a  female  Tip^il/i 
InfvHcata  in  one  of  the  rearing  cages  was  found  dead  and  covered 
with  a  decided  fungous  growth.  The  fungus  was  determined  by 
Mrs.  F.  W.  Patterson,  of  the  Bureau  of  Plant  Industry,  as  Sporo- 
trhhum  demum^  and  may  prove  to  be  parasitic. 

REMEDIAL  AND  PREVENTIVE  MEASURES. 

Several  remedial  measures  have  been  recommended  against  tipulid> 
in  general  by  different  writers,  from  time  to  time,  among  which 
might  be  mentioned  sprinkling  the  ground  with  salt,  herding  sheep 
and  hogs  in  infested  fields,  and  rolling  the  ground  with  a  heavy  roller. 
Probably  the  best  method  of  treating  an  infested  field  is  to  plow  the 
sod  under  in  the  early  fall  and  either  to  run  the  field  into  corn, 
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potatoes,  and  such  crops,  or  to  leave  it  fallow  the  ensuing  summer. 
Pastures  and  hay  fields  in  localities  where  this  species  is  known  to  be 
abundant  should  be  grazed  off  by  the  middle  of  September  and  kept 
so  until  late  in  November,  as  the  adult  flies  usually  congregate  in  rank 
growths  of  grass,  clover,  weeds,  etc.,  and  there  lay  their  eggs. 

LABViB  OF  CRANE-FLIES  AS  ACCIDENTAIi  INHABITANTS  OF  MAN. 

While  we  have  no  knowledge  that  any  of  our  American  Tipulidae 
directly  affect  man,  in  a  contribution  to  The  British  Medical  Jour- 
nal of  February  12,  1910,  No.  2563,  page  371,  Dr.  W.  Soltau  Fen- 
wick,  in  a  contribution  under  the  head  of  "  The  existence  of  living 
creatures  in  the  stomach  as  a  cause  of  chronic  dyspepsia,"  cites  two 
instances,  as  follows:  "In  two  apparently  authentic  cases  (Lasalle, 
Sentex)  larvae  belonging  to  the  family  of  Tipulidae  or  crane-flies 
were  detected  in  the  vomit  and  faeces.  Of  this,  the  best-known 
species  is  the  Tipula  longicomis^  or  daddy-long-legs,  which  deposits 
its  eggs  on  the  ground,  whence  they  possibly  gain  access  to  the  human 
stomach  by  means  of  unwashed  vegetables  and  fruit.  The  grubs, 
which  are  tough-skinned  and  hard-headed,  are  well  known  to  gard- 
eners by  the  name  of  leather  jackets.'' 
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THE    COWPEA   CURCULIO. 

{Chalcodermus  seneus  Boh.) 

By  Geo.  G.  Ainslie, 
Entomological  Assistant. 

INTRODUCTION. 

Among  the  insects  investigated  during  the  summers  of  1908  and 
1909  in  South  Carolina,  and  especially  in  the  vicinity  of  Clemson 
College  in  that  State,  the  cowpea  curculio,  hitherto  known  as  the 
cowpea-pod  weevil,  was  found  to  be  very  abundant  and  destructive. 
This  beetle  (fig.  67,  a)  is  bronze-black  in  color,  about  a  quarter  of  an 
inch  long,  with  the  thorax  and  elytra  deeply  and  abundantly  pitted. 
Daniage  is  caused  to  cowpeas  by  punctures  made  in  the  pods  and 
**peas"  by  the  adults  for  the  purposes  of  feeding  and  oviposition  and 
by  the  feeding  of  the  larvse  within  the  maturing  ''peas.''  The 
damage,  though  seemingly  widespread,  is  not  very  evident,  as  it 
affects  the  value  of  the  crop  only  where  the  ''peas"  are  grown  for 
seed.  More  serious  injury  is  done  by  this  species  in  eariy  spring  to 
young  cotton,  which  it  is  forced  to  use  for  food.  Individual  cotton 
plants  or  the  entire  stand  in  a  field  may  be  injured  or  completely 
destroyed. 

Very  little  has  been  written  on  this  insect,  although  the  ento- 
mologists of  Texas  and  other  southern  States  frequently  receive 
specimens  and  requests  for  information  concerning  its  habits.  As 
it  has  a  superficial  resemblance  to  the  Mexican  cotton  boll  weevil 
and  is  frequently  found  in  cotton  fields,  it  is  one  of  the  species  often 
taken  by  the  cotton  growers  to  be  that  dreaded  pest  and  as  such 
has  many  times  been  sent  to  southern  entomologists  for  verification. 

In  spite  of  its  wide  distribution  and  common  occurrence,  its  life 
history  had  probably  not  been  determined  until  within  the  last  two 
years.  Notes  on  its  habits  and  distribution  have  been  obtained 
from  several  sources,  among  others  from  the  records  of  Messjs.  Hunter 
and  Chittenden  and  by  correspondence  from  Prof.  Wilmon  Newell, 
now  entomologist  of  the  Texas  Agricultural  Experiment  Station. 
The  data  regarding  the  habits  of  the  larvae  and  all  the  definite  life- 
history  records  were  obtained  by  the  writer  during  the  summer  and 

fall  of  1908  and  1909  at  Clemson  College,  S.  C. 
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The  wnter  wishes  to  acknowledge  his  indebtedness  to  Prof.  F.  M. 
Webster  for  suggestions  during  the  progress  of  the  work  and  for 
assistance  in  preparing  the  material  for  publication. 

PXJBLISHBI)  RECORDS. 

The  species  was  first  described  by  Boheman,  in  Schoenherr's 
Genera  et  Species  Curculionidum,  volume  4,  page  388,  Mexico  being 
given  as  the  habitat.  The  distribution  of  this  insect,  as  given  in 
the  Biologia  Centrali-Americana,  volume  4,  part  4,  1902-1906,  in- 
cludes Mexico,  at  Cosamaloapan  in  Veracruz,  at  Jalapa,  and  at  Teapa; 
British  Honduras,  at  Rio  Hondo  and  Rio  Sarstoon;  and  Guatamala, 
at  Chiacam  and  San  Ger6nimo  in  Vera  Paz. 

In  his  paper  entitled  **  Contribution  to  a  Knowledge  of  the  Curcu- 
lionidsB  of  the  United  States,''  published  in  1873,  Horn  gives  the 
distribution  as  Georgia  and  Florida,  but  mentions  no  food  plant. 

In  1894,  in  Insect  Life,  Dr.  L.  O.  Howard  briefly  reported  the 
determination  of  two  parasites  reared  from  Chalcodermus  seneus  by 
Prof.  H.  A.  Morgan  at  Baton  Rouge,  La. 

During  the  progress  of  some  extensive  jarring  experiments  carried 
on  in  Georgia  in  1901  by  Messrs.  Scott  and  Fiske  this  beetle  occurred 
commonly  among  the  insects  taken  from  peach  and  plum,  and  is  so 
recorded  in  Bulletin  31  of  this  Bureau. 

In  the  Yearbook  of  the  United  States  Department  of  Agriculture 
for  1903,  Dr.  F.  H.  Chittenden  mentions  the  species  as  having  been 
reported  injuring  cotton  in  the  Southern  States,  stating  further  that 
the  insect  did  not  breed  on  cotton  but  on  cowpeas. 

In  February,  1904,  Doctor  Chittenden  published  in  Bulletin  44, 
this  Bureau,  the  most  extensive  article  that  had  appeared  on  this  pest 
up  to  that  time. 

In  September,  1904,  Prof.  E.  Dwight  Sanderson  lists  and  briefly 
describes  it  as  one  of  the  insects  mistaken  for  the  boll  weevil. 

In  1905,  in  Bulletin  57  of  this  Bureau,  Professor  Sanderson  notices 
the  insect  as  one  injurious  to  cotton  and,  quoting  Professor  Newell 
at  length,  gives  a  description  of  the  injury  done  to  cotton  and  some- 
what of  the  habits  of  the  beetles. 

Prof.  Franklin  Sherman,  jr.,  in  a  bulletin  from  the  North  Carolina 
Department  of  Agriculture,  June,  1908,  again  lists  the  si>ecie9  as 
injurious  to  cotton  and  briefly  summarizes  the  knowledge  from  the 
sources  already  mentioned. 

In  a  study  of  the  breeding  habits  of  the  Rhynchophora  of  North 
America,  published  from  the  University  of  Nebraska,  Mr.  W.  Dwight 
Pierce  gives  a  very  brief  summary  of  the  literature  dealing  with  the 
habits  of  the  species  and  further  states  that  it  has  once  been  reared 
from  a  cotton  square,  a  fact  nowhere  else  recorded.  A  brief  mention 
of  this  same  insect  is  made  by  the  same  author  in  Bulletin  73  of  this 


Digitized  by  VjOOQ IC 


THE  COWPEA  CURCULIO.  131^ 

Bureau,  in  1908,  and  again  in  the  Journal  of  Economic  Entomology 
the  parasites  so  far  reared  from  the  species  are  listed. 

From  this  brief  summary  of  the  Uterature  it  appears  that  this 
insect,  which  breeds  almost  altogether  in  cowpeas,  has  been  con- 
sidered very  largely  as  a  cotton  insect. 

DISTBIBTJTION. 

The  distribution  of  this  weevil  probably  coincides  with  that  of  the 
cowpea,  but  since  the  injury  to  cotton  is  more  noticeable  it  has 
seldom  been  reported  from  beyond  the  cotton  belt.  It  has  frequently 
been  recorded  from  eastern  Texas,  Louisiana,  Alabama,  Florida, 
Georgia,  South  Carolina,  and  North  Carolina,  and  less  frequently 
from  Oklahoma,  Maryland,  and  Missouri.  In  his  notes  on  the 
species  Boheman  mentions  Mexico  as  its  home,  and  Horn  had  speci- 
mens from  Georgia  and  Florida.  It  is,  without  much  doubt,  of 
southern  origin  and  has  probably  spread  northward,  following  the 
introduction  and  use  of  the  cowpea. 

POOD  PLANTS. 

In  its  breeding  this  curculio  seems  to  be  confined  almost  entirely 
to  the  cowpea  and  closely  related  legumes.  According  to  Mr.  W.  D. 
Pierce,  one  adult  was  reared  from  a^  cotton  square  at  Mexia,  Tex., 
July  31,  1905,  by  Dr.  W.  E.  Hinds.  This  is  the  only  instance  in 
which  any  plant  outside  the  legume  family  has  served  as  a  host, 
and  the  occurrence  can  probably  be  considered  as  accidental. 

In  June,  1908,  adults  were  plentiful  on  wax  beans  at  Monetta,  S.  C, 
and  although  well-formed  pods  were  present  the  beetles  did  not  seem 
to  be  breeding.  Mr.  Pierce  reports  the  breeding  of  the  beetles  on 
cowpeas,  beans,  and  string  beans,  but  no  records  have  be^n  pub- 
lished regarding  the  two  latter  plants. 

In  the  spring  cotton  is  often  damaged  seriously  while  it  is  small 
by  the  adult  beetles,  but  as  this  trouble  occurs  only  on  land  on  which 
cowpeas  were  grown  the  preceding  year  it  is  apparent  that  cotton  is 
a  food  plant  from  necessity  rather  than  from  choice.  Later  in  the 
season  beetles  in  confinement  have  starved  to  death  rather  than  feed 
on  nearby  young  cotton.  In  an  insectary  experiment  at  Clemson 
College,  S.  C,  in  the  fall  of  1908  a  large  number  of  the  beetles  were 
confined  in  a  cage  in  which  were  growing  cowpea  plants,  bearing  pods, 
and  cotton  plants,  both  young  and  medium  sized.  The  cowpea  pods 
were  first  attacked  and  within  a  couple  of  days  were  reduced  to  dry 
remnants  because  of  the  great  number  of  punctures.  Then  the  stem 
and  petioles  of  the  plant  were  punctured  but  not  seriously.  The 
young  and  old  cotton  plants  showed  no  sign  whatever  of  having 
been  touched  and,  although  no  other  food  was  given,  the  beetles 
went  into  hibernation,  leaving  the  cotton  untouched. 
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In  a  letter  Prof.  Wilmon  Newell  says  of  the  species  in  Louisiana: 

The  adult  weevib  are  of  quite  common  occurrence  in  cotton  fields  late  in  the  season; 
that  if»,  during  July,  August,  and  September.  They  evidently  feed  to  some  extent 
on  cotton  plants  at  that  time,  so  that  I  believe  cotton  can  be  normally  considered  as 
one  of  their  food  plants  but  not  properly  a  host  plant. 

It  is  quite  possible  that  when  driven  to  it  by  hunger  in  early  spring 
other  plants,  wild  or  cultivated,  are  eaten  to  some  extent.  The  fact 
that  this  species  was  reported  as  "conspicuously  numerous''  on  plum 
and  peach  trees  in  the  spring  of  1901  in  Georgia  would  seem  to  indi- 
cate some  such  habit. 

The  original  food  plan^  is  not  known  but  was  undoubtedly  some 
wild  legume  growing  farther  south  than  the  present  distribution  of 
the  insect  in  the  United  States. 

DESCRIPTIONS. 

This  beetle  has  never  been  technically  described  in  English,  the 
only  description  of  the  adult  being  that  of  Boheman,  in  Latin.  The 
other  stages  have  never  previously  been  described. 

The  egg  (fig.  68,  c). — The  egg  is  subelliptic,  obtusely  rounded  on  the  ends,  0.9  mm. 
long,  0.6  mm.  broad,  white,  translucent  when  first  laid  but  gradually  becoming  more 
opaque.  The  shell  is  smooth  and  shining.  Just  before  hatching  the  brown  mandibles 
of  the  larva  can  be  seen  through  the  shell,  which  m  very  thin  and  delicate. 

The  larva  (fig.  67,  6,  c). — Length,  7  mm.;  width,  2.5  mm.;  thickness  (dorsoventral), 
2  mm.  Body  footless,  largest  about  one-third  back  from  the  head,  from  there  tapering 
to  a  rather  acute  cauda.  Composed  of  12  segments,  8  of  which  bear  spiracles  showing 
as  yellowish  or  brown  dots.  Each  segment  also  bears  8  minute  brownish  bristles,  two 
on  each  side  of  the  dorsal  line  and  two  on  each  lateral  margin.  Color  pale  yellow, 
dorsal  plates  on  first  segment  brownish  yellow.  Head  about  one- third  the  greatest 
width  of  the  body,  vertical,  dark  amber-yellow  with  a  white  Y-ehaped  suture  in  front, 
the  stem  of  the  Y  bordered  with  white. 

The  pupa  (fig.  67,  (/).— Length,  5  mm.;  width,  3  mm.  Of  much  the  same  shape 
as  the  adult  except  that  the  abdomen  is  longer  and  more  acute. 

When  newly  formed  it  is  pure  white  and  is  ornamented  with  numerous  regularly 
arranged,  dark-colored  bristles.  As  it  matures  it  darkens,  the  eyes,  proboscis,  and 
extremities  of  the  elytra  first  showing  the  pigment. 

The  adult  (fig.  67,  a)  (translated  from  Latin  of  original  description). — Subovate, 
dark  bronze;  proboscis  slender,  moderately  curved;  thorax  deeply  and  remotely 
punctate,  obscurely  carinate;  elytra  deeply  pitted  with  scattered  conspicuous  punc- 
tures, the  interstices  minutely  punctulate;  femora  acutely  serrate. 

With  the  size  and  all  the  characters  of  Chalcodermus  metallini  but  never  larg»; 
thorax  deeply  punctate,  obscurely  carinate,  between  the  elytra  minutely  punc- 
tulate, farther  back  distinctly  punctate.  Head  globose,  obscurely  bronze,  evidently, 
but  less  deeply  punctate;  eyes  ovate,  slightly  projecting,  black;  proboscis  never 
longer  than  the  thorax,  somewhat  slender,  round,  moderately  curved,  obscurely 
bronze,  from  the  base  above  the  middle  carinate,  rough-striate,  minutely  punctulate 
below.  Antennae  inserted  at  the  middle  of  the  proboscis  behind,  somewhat  slender, 
black,  sparingly  pilose,  club  oblong-ovate,  acuminate,  cinereous-pubescent.  Thorax 
narrower  at  the  base  and  anteriorly,  globose,  the  apex  above  never  roundly  produced, 
at  the  base  bisinuate,  convex  above,  obscurely  bronze,  dorsum  sparingly  and,  toward 
the  sides*,  closely  and  deeply  punctate,  the  longitudinal  lines  somewhat  elevated 
and  prominent.    Scutellimi  small,  circular,  obscurely  bronze.    Elytra  wider  at  the 
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base  of  the  thorax  anteriorly  and  three  times  as  long  as  the  latter,  the  shoulder  obtuse, 
somewhat  rounded;  lateral  margins  straight,  toward  the  apex  very  slightly  narrowed, 
the  apex  itself  taken  together  obtusely  rounded,  convex  above,  obscurely  bronze, 
somewhat  polished,  with  rows  of  deep,  round,  excavated  pits,  the  even  surface  between 
minutely  punctulate;  femora  moderately  clavate,  below  and  behind  the  middle 
armed  with  acute  robust  teeth;  tibiae  compressed,  somewhat  bowed,  with  teeth 
obsolete;  tarsi  elongate,  with  yellow  pads  below. 

FEEDING  HABITS. 

Feeding  punctures  made  by  both  males  and  females  in  cowpea  pods 
can  not  be  outwardly  distinguished  from  the  egg  punctures.  They 
are  made  in  the  same  places  on  the  pod  and  by  the  same  methods, 
some  of  the  beetles  even  going  so  far  as  to  enlarge  the  cavity  at  the 
bottom  of  the  excavation,  probably  because  they  prefer  the  tissue 
of  the  peas  themselves  to  that  of  the  pods  as  food.  If  either  a 
feeding  puncture  or  an  egg  puncture  reaches  and  penetrates  a  pea 
it  causes  an  abnormal  development  of  the  kernel  even  though  no 
larva  develops.     The  pea  becomes  gnarled,  one-sided,  and  light  in 


Fig.  67.— The  cowpea  curculio  ( Chalcodermtu  ktuus):  a,  Adult;  b,  larva;  e,  head 
of  same;  d,  pupa,    a,  h,  d,  Enlarged;  c  more  enlarged.    (From  Chittenden.) 

weight  and  will  be  lost  in  the  threshing  or  winnowing.  The  damage 
caused  by  the  feeding  operations  of  the  adult  beetles  on  cowpeas  is 
not  serious. 

As  the  Wxiter  has  not  had  opportunity  to  observe  the  work  of  the 
beetles  on  cotton  the  following  description  of  such  injury  is  quoted 
from  Prof.  Wilmon  Newell  as  it  occurred  in  Georgia  in  1904: 

Injury  by  this  species  was  personally  investigated  at  Herod,  near  Dawson,  Ga.,  May 
27, 1904.  Beetles  were  found  upon  about  15  acres  of  cotton,  from  4  to  10  beetles  on  each 
plant.  The  plants  were  about  4  inches  high.  The  beetles  feed  for  the  most  part  in 
the  afternoon  or  early  morning  and  upon  cloudy  days,  although  a  few  may  be  found 
on  the  plants  at  noon  on  bright  days.  The  beetle  punctures  the  tender  stem,  often 
just  below  a  leaf,  and  this  puncture  reaches  to  the  very  center  of  the  stem  or  occa- 
sionally to  the  epidermis  of  the  opposite  Bide.  Punctures  occur  upon  leaf  stems  and 
the  upper  tender  part  of  the  main  stem  near  the  ground.  The  punctures  upon  leaf  stems 
are  so  close  as  to  practically  sever  the  stem;  the  leaf  soon  withers  and  dies  and  drope. 
In  some  cases  the  beetles  seem  to  stay  over  the  puncture  after  it  is  made  and  suck  up 
the  sap  which  accumulates.  In  several  cases  we  found  a  beetle  upon  the  shady  side 
53518°— Bull.  85,  pt  8—10 2 
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of  the  stem,  remaining  over  or  cloee  to  several  puncturee,  indicating  that  a  single 
individual  may  make  several  punctures  and  take  the  sap  that  accumulates  in  all  of 
them.  Punctures  in  a  case  of  this  kind  are  not  over  one-sixteenth  or  one-eighth  of  an 
inch  apart,  and  from  two  to  four  are  found  in  each  group.  We  are  inclined  to  think 
that  the  punctures  are  made  purposely  for  securing  the  sap  and  not  for  devouring  the 
tissue.  Eight  punctures  were  counted  on  a  plant  not  over  2  inches  high,  and  in  this 
field  were  found  an  average  of  from  5  to  as  many  as  16  beetles  on  and  about  each  plant. 
In  this  15-acre  field  fully  25  per  cent  of  the  cotton  stalks  had  been  killed  by  the  attacks 
of  this  beetle,  and  in  some  small  areas  as  much  as  half  had  been  killed.  ♦  ♦  * 
They  occurred  also  on  neighboring  farms,  but  in  no  other  case  in  such  injurious  nimi- 
bers.  In  all  cases  the  owners  of  infested  fields  reported  that  the  first  appearance  of 
these  insects  in  the  cotton  was  in  those  portions  of  the  fields  that  had  been  in  cowpeas 
the  year  previous.  About  three  weeks  later — May  27 — the  injury  became  less,  owing 
to  the  more  rapid  growth  of  the  plants,  and  perhaps  also  to  the  greater  dissemination 
of  the  beetles. 

HABITS  AND  LIFE-HISTOBY  RECORDS. 

The  life  habits  of  this  species  and  the  length  of  the  life  stages  were 
worked  out  by  Doctor  Chittenden  in  1903  and  published  by  him  in 
1904  in  Bulletin  44  of  this  Bureau.  Because  of  the  fact  that  his 
records  were  obtained  under  unnatural  and  unfavorable  conditions 
they  must  be  revised  somewhat  in  the  light  of  more  recent  work. 

THE    EGG. 

In  preparing  the  nidus  for  her  egg  the  female  sits  quietly  on  the 
pod  of  the  cowpea  and  with  her  mandibles  excavates  a  cavity  through 
the  pod  into  the  pea  beneath.  The  opening  is  about  as  lai^e  as  the 
diameter  of  the  proboscis  of  the  beetle  and  about  as  deep  as  it  is 
long.  After  it  has  reached  the  proper  depth  the  beetle  begins  to 
revolve  slowly  around  the  opening,  feeding  at  the  same  time  and 
evidently  preparing  a  cavity  at  the  bottom  of  the  excavation  for 
the  reception  of  the  egg.  The  curculio  is  very  deliberate  in  all  her 
movements  and  the  preparation  of  the  nidus  takes  from  three-quarters 
of  an  hour  to  an  hour  and  a  half.  After  its  completion  she  with- 
draws her  proboscis,  turns,  crowds  the  tip  of  her  abdomen  close 
down  into  the  hole,  and  oviposits.  A  brief  examination  with  her 
proboscis  to  determine  that  all  is  well  completes  the  operation. 

The  egg  lies  usually  within  the  pea  itself,  more  rarely  in  the  paren- 
chymatous tissue  between  the  peas  or  between  the  pod  and  the  pea- 
It  may  be  sunk  so  slightly  into  the  pea  as  to  part  from  it  when  the 
pod  is  removed  or  buried  so  deeply  that  it  can  not  be  seen  from  the 
exterior  when  the  pod  is  opened.  This  depends  on  the  thickness  of 
the  pod  and  the  size  of  the  individual  beetle  which  placed  the  egg. 
The  egg  is  pushed  in  with  the  end  first  but  lies  usually  with  its  long 
axis  more  or  less  parallel  with  that  of  the  pea.  The  punctures  are 
made  as  a  rule  about  one-third  of  the  way  around  the  pod  from  the 
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dorsal  suture,  evidently  at  the  place  where  the  pod  is  thinnest.  So 
regularly  are  they  made  that  a  badly  infested  pod  will  show  a  dis- 
tinct row  of  the  punctures  running  along  each 
side  of  this  suture.  A  few  punctures  are  also 
made  on  the  ventral  side  of  the  pod  in  about 
the  same  relation  to  the  ventral  suture.  Thus 
the  egg  lies  on  the  upper  surface  not  far  from 
the  hilum,  or  well  down  on  the  side  (fig.  68, 
a,  6,  d). 

Very  shortly  after  the  beetle  leaves  the  egg 
the  puncture  fills  with  sap  and  in  from  twenty- 
four  to  forty-eight  hours  a  tough  callous  has 
formed  over  the  opening.  In  a  ripe  pod  the 
wound  shows  as  a  dark,  sHghtly  elevated,  and 
somewhat  roughened  transverse  ridge. 

For  purposes  of  oviposition  the  pods  are  not 
attacked  until  the  peas  within  them  have 
reached  nearly  or  quite  full  size.  No  pods  are 
oviposited  in  after  they  begin  to  become  dry 
and  leathery. 

Cloudy  cool  days  or  the  cooler  parts  of 
bright  days  are  chosen  by  the  beetles  for  ovi- 
position and  feeding.  During  a  slow  rain  they 
are  very  abundant  and  active.  During  the 
hotter  parts  of  the  day  they  remain  motion- 
less in  the  axils  of  the  plant  or  buried  in  the 
loose  earth  surrounding  the  stem. 

At  Orlando,  Fla.,  in  1907,  Mr.  H.  M.  Russell, 
of   this  Bureau,  made  some   records   of  the 
number  of  eggs  deposited  by  a  single  female, 
record  of  these  experiments. 

On  July  6  the  following  experiments  were  made  to  determine  the  number  of  eggs 
a  female  would  lay: 

A.  A  male  and  female  were  put  together  in  a  box  of  cowpeas. 

B.  A  male  and  female  were  put  together  in  a  box  of  cowpeaa. 
July   8  A  laid  26  eggs;  B  laid  36  eggs. 

10  A  laid  26  eggs;  B  laid  17  eggs. 
12  A  laid  42  eggs;  B  laid  20  eggs. 
15  A  laid  15  eggs;  B  laid  13  eggs. 

17  A  laid  6  eggs;  B  laid  7  eggs. 

18  the  A  beetles  escaped ;  B  laid  0  eggs. 
22  B  laid  22  eggs. 

27  B  laid  18  eggs. 
August  3  the  B  beetles  died. 
A  laid  115  eggs  in  10  days. 
B  laid  130  eggs  in  19  days. 


Fig.  68.— The  oowpea  curcu- 
lio:  a,  Cowpea  pod,  showing 
work  of  adults;  b,  d,  "pea," 
showing  work  of  lanae;  c, 
eggs,  a,  Reduced;  b,  c,  d, 
about  natural  size.  (Origi- 
nal.) 

I  quote  from  the 
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Many  attempts  were  made  to  determine  the  exact  incubation 
period  of  the  egg.  In  most  cases  when  a  pea  bearing  an  egg  is 
removed  from  the  pod,  decay  and  fungous  growths  cause  its  destruc- 
tion before  it  can  hatch.  Some,  however,  were  obtained  which 
remained  in  good  condition  long  enough  to  hatch  and  in  other  cases 
freshly  laid  eggs  were  removed  and  placed  on  damp  blotting  paper. 
After  repeated  trials  3  eggs,  whose  age  was  accurately  known, 
hatched.  One  hatched  in  four  days  and  the  other  two  in  six  days 
each.  Enough  other  records  were  obtained  under  less  accurate  con- 
ditions to  show  that  the  normal  incubation  period  is  five  or  six  days, 
with  a  shorter  time  when  the  temperature  averages  higher. 

THE   LARVA. 

The  brown  mandibles  of  the  larva  show  through  the  delicate  mem- 
branous covering  of  the  egg  before  hatching.  The  shell  is  broken 
by  the  abrasion  of  the  mandibles,  and  by  its  contortions  the  larva 
works  the  almost  invisible  shell  backward  oS  its  body,  whence  it  is 
finally  discarded  as  a  minute  white  pellet.  The  larva  lies  extended 
in  the  egg  and  after  hatching  appears  sluggish,  beginning  to  feed  on 
the  tissue  in  its  immediate  vicinity  and  making  no  eflFort  to  change 
its  position.  It  gradually  turns  toward  the  inside  of  the  i>ea,  grow- 
ing almost  as  fast  as  the  pea  is  consumed.  In  nearly  every  case  it 
eventually  gets  into  the  central  cavity,  which  is  present  between  the 
two  halves  of  a  growing  pea.  A  semiliquid,  pale  yellow  frass 
appears  and  finally  closes  the  comparatively  small  opening  through 
which  the  entrance  to  the  pea  was  made.  Unless  it  is  too  small  to 
afford  sufficient  food  or  too  dry  to  be  edible,  a  larva  seldom  leaves 
the  pea  in  which  the  egg  was  originally  placed,  until  ready  to  pupate. 
In  one  or  two  instances,  where  the  pods  in  breeding  cages  were 
allowed  to  become  too  dry,  half-grown  larvse  were  found  wandering 
along  in  the  pod  looking  for  suitable  food.  When  placed  in  holes 
cut  in  fresh  peas  they  went  at  once  to  feeding  and  completed  their 
growth. 

During  its  growing  period  a  larva  consumes  about  one-third  the 
volume  of  a  normal  pea  (fig.  68,  d).  Very  rarely  two  larvae  reach 
maturity  in  one  pea,  but  never  more,  although  several  eggs  have 
been  found  in  close  proximity. 

It  is  difficult  to  determine  how  many  times  a  larva  molts.  The 
exuvium  is  so  ephemeral  that  no  part  of  it  can  be  found  except  the 
cast  of  the  head.  Two  of  these  brown  head  castings  are  often  found 
in  one  burrow,  but  the  writer  has  been  unable  to  find  more.  The 
increase  in  size  is  gradual,  without  apparent  change  as  to  the  char- 
acters of  the  larva. 

Mr.  W.  D.  Pierce  states  that  '^the  species  of  the  genus  Chalcoder- 
mus  pupate  in  the  feeding  cells  instead  of  entering  the  groimd." 
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His  information  regarding  C,  seneus  was  probably  derived  from  the 
results  of  Doctor  Chittenden's  cage  experiments,  carried  on  in  Wash- 
ington, D.  C.  In  no  case,  out  of  the  several  hundred  beetles  reared 
by  the  writer,  did  one  pupate  before  leaving  the  pea  and  the  pod 
in  which  the  larva  developed. 

When  full  grown,  the  larva  cuts  a  hole  to  the  outside  of  the  pea 
and  then  through  the  pod  and  drops  to  the  ground.  The  opening  in 
the  pod  is  frequently  at  some  distance  from  the  iajured  pea.  It  is 
quite  regular,  circular  in  outline,  about  2  mm.  in  diameter,  and  the 
disk  which  is  cut  out  often  remains  hinged  at  one  side.  After  drop- 
ping to  the  ground  the  larva  immediately  begins  to  burrow  into  the 
earth.  In  well-settled^  damp  sand  the  larva  can  disappear  in  about 
one  minute.  In  the  fall  of  1908  several  big  jai's  of  cowpea  pods  were 
kept  under  observation.  The  larvae  emerging  from  the  pods  con- 
tained therein  were  each  day  transferred  to  small  jars  containing 
damp  sand.  Several  hundred  larvae  were  thus  obtained  and  prac- 
tically every  one  of  them  disappeared  into  the  sand  as  soon  as  the 
opportunity  was  offered.  The  larva  penetrates  the  ground  to  a  depth 
of  from  1  to  4  inches,  depending  on  the  compactness  of  the  latter. 
Two  jars  were  prepared  with  equal  depths  (about  2  inches)  of  damp 
sand,  that  in  the  first  being  settled  as  compactly  as  possible  and  that 
in  the  other  put  in  loosely.  Eighteen  larvae  were  put  into  the  first 
and  of  this  niunber  only  3,  or  17  per  cent,  reached  the  bottom,  while, 
of  33  put  into  the  loose  sand,  10,  or  30  per  cent,  reached  the  bottom. 
The  larger  and  more  active  grubs  burrow  deeper  and  more  rapidly. 
After  reaching  the  necessary  depth,  the  larva  by  the  motion  of  its 
body  proceeds  to  form  an  oval  cavity  somewhat  larger  than  itself. 
It  spins  no  cocoon  whatever. 

The  exact  time  of  hatching  of  several  larvae  was  determined,  and 
these  were  transferred  to  fresh  peas.  The  young  larvae  do  not  seem 
to  be  able  at  first  to  penetrate  the  smooth  coat  of  the  pea,  but  when 
an  opening  is  made  for  them  they  accept  it  at  once.  The  length  of  the 
larval  period  spent  in  the  pea  was  accurately  determined  for  12  larvae. 
In  most  cases  the  larva  had  to  be  transferred  to  fresh  food  one  or 
more  times  because  of  the  decay  of  the  mutilated  pea.  These  12 
larvae  fed  as  follows:  Foiu*  fed  for  7  days;  2  fed  for  8  days;  1  fed  for 
9  days;  4  fed  for  10  days;  and  1  fed  for  12  days.  This  gave  an 
average  feeding  period  of  SJ  days  for  the  lot.  The  larval  period  in 
the  pea  can  safely  be  said  to  vary  from  7  to  14  days,  depending  on 
the  temperature  and  the  food  supply. 

After  entering  the  ground  the  larvae  do  not  pupate  at  once,  but 
remain  quiescent  for  several  days  in  the  earthen  cells.  In  11  jars  in 
which  the  length  of  the  period  was  recorded  all  the  visible  larvae  had 
pupated  in  5  days,  in  8  jars  it  required  6  days,  and  in  2  jars  7  days, 
giving  6  days  as  the  average  and  from  2  to  8  as  the  probable  extremes. 
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THE   PiyPA. 

The  pupal  cell  is  usually  found  with  its  long  axis  inclined  or  ver- 
tK'al,  and  the  pupa  lies  with  the  head  up.  The  pupa  is  easily  dis- 
turbed, and  manifests  its  excitement  by  very  rapid  rotation  of  its 
abdomen. 

In  order  to  determine  the  conditions  necessary  for  pupation,  18 
larv^a*  were  divided  into  three  equal  lots,  and  on  September  30,  1909, 
6  were  placed  on  a  damp  brick  and  covered  with  a  glass  dish,  allow- 
ing them  to  remain  in  the  light ;  6  were  placed  on  a  damp  brick  and 
covered  with  a  tin  box,  excluding  the  light,  and  the  remaining  6  were 
shut  in  the  dark  in  a  drv^  paper  box.  Two  of  the  first  lot  had  pupated 
October  13,  on  the  16th  2  more,  and  on  November  3,  2  adult  beetles 
were  found,  all  the  others  being  dead.  In  the  second  lot  3  had 
pupated  on  Octol)er  13  and  on  the  16th  2  more.  Three  adults  had 
emerged  November  3.  None  of  the  larvse  in  the  dry  box  pupated, 
showing  that  while  earth  and  darkness  are  not  essential  to  pupation 
moisture  is. 

The  pupal  period  was  determined  in  a  great  number  of  cases. 
During  the  fall  of  1908  especially,  large  numbers  of  the  larvae  were 
collected  and  placed  in  small  jars  containing  damp  sand,  so  that  the 
date  of  emergence  of  the  adult  beetles  could  be  easily  observed. 
Below  is  shown  the  time  elapsing  between  the  entrance  of  the  larvae 
into  the  sand  and  the  emergence  of  the  adults: 

5  h(»ptleH  emerged  in  14  days. 
36  beetles  emerged  in  15  days. 
72  beetles  emerged  in  16  days. 
169  beetles  emerged  in  17  days. 
72  beetles  emerged  in  18  days. 
49  beetles  emerged  in  19  days. 
26  beetles  emerged  in  20  days. 
5  beetles  emerged  in  21  days. 
1  beetle  emerged  in  22  days. 
1  beetle  ©merged  in  23  days. 
21  beetles  emerged  in  24  days. 
1  beetle  emerged  in  25  days. 

This  gives  for  the  458  beetles  an  average  of  17.4  days  spent  under- 
ground. Subtracting  from  this  the  6  days  spent  as  a  larva  under- 
ground, the  actual  pupal  period  is  determined  as  being  about  11^ 
days,  with  extremes  of  8  and  19. 

THE    ADULT. 

The  beetles  push  slowly  up  through  the  soil  and  are  quite  active 
when  newly  emerged.  They  seem  never  to  fly,  but  in  the  field  are 
very  ready  to  ^*play  possum/'  and  drop  to  the  ground  at  the  least 
disturbance.  In  falling  they  do  not  draw  up  their  legs,  but  leave 
them  extended,  and  for  this  reason  are  much  easier  to  find  on  the 
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ground  than  are  many  members  of  the  family.  They  frequently  are 
coated  with  mud,  and  when  so  protected  become  almost  invisible 
when  on  the  ground.  After  dropping  they  often  he  twenty  minutes 
before  making  the  slightest  motion. 

It  requires,  then,  something  over  a  month  for  the  generation  to 
develop,  allowing  6  days  to  the  egg,  9  days  to  the  larva  in  the  pod, 
and  6  in  the  ground,  and  1 1  days  to  the  pupa. 

SEASONAL  HISTORY. 

The  cowpea  curcuho  passes  the  winter  in  the  adult  stage,  going 
into  hibernation  when  its  food  supply  is  destroyed  in  the  fall  with 
the  first  severe  frosts.  In  the  vicinity  of  Clemson  College,  S.  C, 
this  occurs  in  the  latter  part  of  October  or  early  November. 

No  out-of-door  records  as  to  the  exact  place  of  hibernation  have 
been  made,  but  an  experiment  carried  on  in  the  greenhouse  will  indi- 
cate the  probabilities.  In  the  fall  of  1908  some  200  of  the  beetles 
were  confined  by  a  wire-screen  cage  to  an  area  of  ground  about  a 
yard  square,  on  which  were  growing  cotton  and  cowpea  plants.  The 
beetles  were  left  in  this  cage,  and  by  the  latter  part  of  November  had 
largely  disappeared,  although  the  house  was  kept  at  summer  heat. 

At  several  different  times  during  the  winter  examinations  were 
made,  and  the  beetles  were  found  buried  in  the  earth  at  a  depth  of 
from  1  to  3  inches.  As  late  as  March  15,  1909,  beetles  were  found  in 
the  earth,  and  on  this  date  one  was  observed  sluggishly  climbing  a 
blade  of  wheat  growing  near  by.  The  beetles  winter,  then,  hidden 
under  rubbish  or  lumps  of  earth  or  buried  from  1  to  3  inches  deep  in 
the  earth  itself. 

The  beetles  emerge  from  hibernation  as  soon  as  the  weather  fairly 
warms  up.  The  earliest  date  at  which  they  have  been  reported  in 
various  localities  is  as  follows:  Amaudville,  La.,  April  16,  1908; 
Coffee  County,  Ala.,  May  13,  1904;  Stillwater,  Okla.,  May  20,  1909; 
Benson,  N.  C,  May  24,  1907;  Messers,  S.  C,  May  28,  1909;  south- 
eastern Missouri,  June  15,  1907;  Monetta,  S.  C,  June  17,  1908; 
Orlando,  Fla.,  July  6,  1907.  These  are  not,  of  course,  the  dates  at 
which  the  beetles  emerged  from  hibernation,  but  indicate  that  they 
were  active  at  least  by  these  dates. 

Coming  out  in  the  spring  hungry,  they  are  willing  to  attack  young 
cotton  and  probably  other  fresh  plant  growth  as  it  appears.  It  is  a 
very  general  custom  to  follow  cowpeas  with  cotton  in  the  rotation, 
and  in  every  case  where  damage  to  young  cotton  has  been  reported  it 
has  been  on  a  field  planted  to  cowpeas  the  preceding  year. 

The  beetles,  feeding  on  cotton,  cowpeas,  and  other  young  plants, 
exist  until  the  cowpea  pods  become  of  sufficient  size  to  permit  ovi- 
position.  This  date  varies  greatly  with  the  season.  In  1908  half- 
grown  larvae  were  found  on  August  1,  showing  that  eggs  had  been 
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laid  by  the  middle  of  the  preceding  month,  while  in  1909  no  pods 
large  enough  to  contain  eggs  were  found  in  the  vicinity  of  ClenBon 
College  until  September  7,  when  eggs  and  a  few  very  small  larva  were 
found.     Oviposition  continues  until  the  supply  of  green  pods  faik 
About  a  month  after  the  first  e^s  are  laid  adults  of  the  new  generation 
begin  to  appear.    Repeated  attempts  were  made  to  induce  these  young 
beetles  to  oviposit,  but  entirely  without  success.     In  confinement  thev 
fed  readily  on  green  pods,  but  would  not  oviposit  when  beetles  of  the 
over-wintering  generation  were  producing  eggs  freely  under  the  same 
conditions.     It  se-ems  to  be  true  that  only  one  generation  is  produced 
annually,  but  in  localitie^s  where  two  distinct  crops  of  cowpeas  can  be 
matured  there  may  prove  to  be  two  generations  of  the  beetles.    As 
the  season  draws  toward  its  close,  individuals  of  the  older  generation 
die  off  very  rapidly.     Probably  few  of  them  enter  and  none  emerge 
from  hibernation  the  second  winter.     Of  11  beetles  of  the  1909  gen- 
eration confined  with  food  in  a  cage,  3  had  died  when  the  experiment 
was  discontinued  late  in  the  fall  of  1909,  while  of  21  beetles  of  the 
1908  generation  confined  under  the  same  conditions,  only  3  renaained 
aUve  at  the  same  time. 

PA&A8ITB8. 

On  September  18,  1908,  there  emerged  from  the  sand  in  a  breeding 
jar  a  fly  subsequently  determined  by  Mr.  D.  W.  Coquillett,  of  this 
Bureau,  as  Myiophasia  senea  Wied.  (fig.  69).  Between  that  date  and 
October  2,  1908,  when  the  last  one  emerged,  60  of  these  flies  appeared. 
There  were  683  beetle  larvse  put  into  these  jars;  517,  or  76  per  cent 
of  the  lot,  emerged  as  adult  beetles;  60,  or  8.8  per  cent,  appeared  as 
parasites,  leaving  15.5  per  cent  unaccounted  for,  but  probably  killed 
by  fungus  or  dryness.  The  flies  belonging  to  this  species  emerged 
during  a  period  of  from  16  to  28  days  after  the  coleopterous  larvs 
entered  the  ground,  the  average  for  the  lot  being  slightly  less  than 
21  days. 

An  examination  of  the  puparium  shows  that  the  dipterous  larva 
does  not  leave  the  body  of  its  host,  but  uses  it  for  a  pupal  case.  The 
body  swells  slightly,  becomes  brownish  and  hard,  and  apparently  no 
attempt  is  made  to  pupate,  the  coleopterous  larva  dying  soon  after 
entering  the  ground.  The  fly  emerges  through  a  transverse  sUt  in  the 
l)osterior  end  of  the  puparium  and  seems  to  have  no  trouble  in  forcing 
its  way  through  any  ordinary  amount  of  soil  to  the  surface. 

Numbers  of  the  adult  flies  were  confined  in  a  jar  containing  a  supply 
of  the  beetles  and  green  cowpea  pods,  in  which  eggs  of  the  latter  had 
been  laid.  The  actions  of  the  flies  were  suspicious.  They  wandered 
slowly  over  the  pods,  seemed  interested  in  the  punctures,  and  in  several 
instances  were  seen  to  touch  the  tip  of  the  abdomen  quickly  to  a 
puncture.  A  careful  dissection  of  the  pods  revealed  nothing,  how- 
ever, that  could  be  taken  for  eggs  or  larvae  of  the  fly.     In  this  connec- 
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tion  I  quote  from  a  letter  from  Mr.  C.  H.  T.  Townsend  dealing  with 
this  species: 

I  have  just  dissected  a  fresh  specimen  of  Ennyomma  glohosa  [  Myiophasia  aenea\  col- 
lected here  to-day.  It  is  the  species  you  bred  from  C.  aeneus.  The  specimens  you 
gave  me  showed  only  ova  in  the  egg  tubes — undeveloped  because  no  copulation  had 
taken  place.  This  fresh  specimen  contained  many  very  slender,  elongate — unusually 
elongate — eggs  containing  developing  maggots.  They  are  tapering  at  both  ends.  If 
the  fly  deposits  eggs,  the  eggs  must  hatch  in  a  very  short  time.  It  is  possible  that  the 
eggs  hatch  in  the  uterus,  and,  that  the  fly  deposits  living  maggots.  What  light  this 
throws  on  the  habits  I  can  hardly  say.  Is  it  possible  that  the  fly  deposits  eggs  in  the 
weevil  puncture  and  that  the  weevil  eggs  hatch  first?  Or  can  it  be  possible  that  the 
fly  deposits  a  maggot  that  waits  till  the  weevil  egg  hatches?  I  can  not  believe  tliat  the 
weevil  egg  can  be  entered  by  the  maggot  and  still  develop  with  the  maggot  inside. 
*  *  *  These  Ennyomma  eggs  are  so  minute  that  they  can  hardly  be  seen  with  the 
naked  eye.  *  *  *  After  thinking  the  matter  over  further,  it  seems  likely  tome  tliat 
the  flies  deposit  living  maggots  in  weevil  punctures  of  a  certain  age,  and  that  these 
minute,  spindlelike  mtlggots  bore  into  the  old  weevil  puncture  and  follow  the  hatched 
weevil  larva.  The  female  fly  has  no  pierc- 
ing ovipositor.  Everything  points  to  the 
deposition  of  living  maggots. 

Two  other  species  of  parasites, 
both  hymenopterous,  one  a  Eupel- 
mus  and  the  other  a  eurytomid,  and 
both  probably  undescribed,  as  I  am 
informed  by  Prof.  F.  M.  Webster, 
have  been  reared  from  the  larvaB  of 
this  beetle  at  Clemson  College,  S.  C. 

Individuals  of    both  of  these  species  ^,^  ^.^Myiopkasia  :enea,  a  parasite  of  the 

appeared  on  the  cloth  covering  of  jars  cowpea  cureullo:  Adult  male  and  head  of 

containing  cowpea  pods,  so  nothing  '^™^'^-  ^°'^^«^^-  ^^^^^^'-^ 
more  is  known  of  their  life  history  than  that  they  pupate  in  and 
emerge  directly  from  the  pod.  During  the  fall  of  1909  one  such 
hymenopterous  pupa  was  found  in  the  cavity  made  in  a  pea  by  a 
curculio  larva,  beside  the  remains  of  the  larva  itself,  but  it  was  not 
reared,  and  so  to  which  one  of  the  species  mentioned  above  this  indi- 
vidual belonged  is  not  known.  A  female  of  one  of  these  species  was 
observed  in  the  act  of  ovipositing  in  a  cowpea  pod  on  August  27, 
1908.  She  thrust  her  ovipositor  through  the  tissue  of  the  pea,  and 
as  the  other  species  has  also  a  piercing  ovipositor  it  is  probable  that 
both  place  their  eggs  directly  in  the  body  of  the  half-grown  larva 
within  the  pea. 

In  1894  Dr.  L.  O.  Howard  recorded  Ennyomrna  clistoides  [Myio- 
pJiasia  aenea]  and  Sigalphus  sp,  as  having  been  reared  by  Prof.  II.  A. 
Morgan  from  Chalcodermus  stneus  at  Baton  Rouge,  La.  These  same 
rearings  are  again  reported  by  Mr,  W.  D.  Pierce  in  the  Journal  of 
Economic  Entomology. 
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When  the  sand  in  which  they  were  pupating  was  kept  too  damp, 
larvjp  and  pupae  were  several  times  killed  in  the  breeding  jars  by  an 
undet<*rmined  fungus. 

REMEDIES. 

In  so  far  as  cotton  is  concerned,  the  sovereign  remedy  would  se^m 
to  be  to  refrain  from  planting  it  on  Itfnd  previously  occupied  by  cow- 
peas  hifested  with  this  pe^t.  If  this  is  not  practicable  the  cotton  may 
be  planted  thick,  and  by  delaying  the  *' chopping"  or  thinning  as  long 
as  possible  a  uniform  stand  may  still  be  secured.  Planting  cowpeas 
with  the  cotton  would  probably  cause  the  beetles  to  confine  their 
attentions  to  the  former  plant.  Hand-picking  of  the  beetles  has  been 
tried  by  planters  in  North  Carolma  without  apparent  diminution  of 
their  numbers.  One  grower  gathered  over  5,000  of  the  beetles  from 
3  acres  of  cotton  in  nine  days. 

The  larva?,  as  a  rule,  do  not  emerge  from  the  pod  until  the  pods  are 
well  ripened.  If  therefore  the  crop  is  being  grown  for  seed  the  pods 
may  be  gathered  frequently  as  they  ripen.  If  stored  in  a  tight,  dry 
bin  the  larva?  as  they  emerge  will  be  unable  to  complete  their  devel- 
opment. Spraying  with  arsenicals,  if  thoroughly  done,  would  prob- 
ably be  efficient,  as  Doctor  Chittenden  suggests,  but  such  an  expense 
would  be  entirely  impracticable  in  the  great  majority  of  cases.  Para- 
sites are  so  abundant  that  there  is  no  prospect  of  serious  damage, 
except  for  short  periods  over  limited  areas. 
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Ufalfa  (see  also  Medicago  sativa). 

infrequent  rotation  favorable  to  increase  of  clover-root  curculio 38 

Vmaianth,  green.  (See  Amaranlhus  retroflextis.) 
spined.  (See  Amaranthus  spinosiis.) 
thorny.    (See  Amaranthus  spinosus.) 

imxtranthua  hyhridus^  food  plant  of  ApMi  maidi-radicU 102, 103 

retroflexus,  food  p\&nt  oi  Aphis  matdi-radicU 102,103 

Bp.,  food  plant  of  Aphis  m^Lidi-radicis 104 

spinosiLSy  food  plant  of  Aphis  maidi-radicis 102, 103 
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trifida^  food  plant  of  Aphis  maidi-radicis 102 

indropogon  hallii^  food  plant  of  Ilemileuca  oliviap 79 

Lnt,  Argentine.    (See  Iridomyrmcx  humilis.) 

inthemis  cotuta,  food  plant  of  Aphis  maidi-radicis 102, 104 
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in  pupal  shells  of  Ilemileuca  oliviae 93 

relation  to  Aphis  maidi-radicis 105, 110, 115 
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iphis  armoracea  pTobQh\y=Aphis  maidi-radicis 112-113 

maidi-radicis 97-118 
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food  plants,  cultivated 104-105,108-111 

uncultivated 102-104 

history 98-100 

injury  to  asters 109-111 

corn 104-105 

cotton 108-109 

«  Part  VI 1 1,  as  first  issued,  was  erroneously  paged  as  from  129  to  142,    The  corrected 
aging,  given  in  this  index,  is  133  to  146. 

63713**— Bull.  85—11 2  147 
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AphU  maidi'rad%ci$f  natural  checks 106 

preventive  measures 106-106 

relation  to  ants 105-106,110 

synonymy 111-113 

winged  male,  description 113 

maidUf  identity 113 

mmthx-radici9=Aphis  maidi-radieu 103, 1 12-113 

middUUmi 113-118 

attendant  ants 115-116 

comparison  with  Aphi*  maidi-radieis 114 

food  plants,  cultivated 115 

uncultivated 114-115 

history 113-114 

identity 112 

laboratory  and  field  experiments 116-118 

on  Erigeron  canadensis 98 

on  Erigeron  canadensis,  identity 98, 113-114 

AprastoeetiLS  diplosidis,  parasite  of  Contarinia  sorghicola 55-57 

Army  worm,  wheat-head.     (See  Heliophila  aUnlinea.) 

Arsenicals  against  cowpea  curculio 146 

Artichoke,  French,  perhaps  food  plant  of  Aphis  maidi-radids 97,  lU 

possible  food  plant  of  Aphis  middletoni 113, 115 

Aster,  China  or  German,  food  plant  of  Aphis  maidi-radicis 97, 109-111 

middletoni 113,115 

treatment  to  avoid  injury  by  com  root-aphis 110-111 

ericoides^  food  plant  of  Aphis  middletoni 115, 116 

spp.,  food  plant  of  Aphis  middletoni 113 

subulattis,  food  plant  of  Aphis  middletoni 114, 116 

Atheropogon  curtipendula,  food  plant  of  Hemilewca  olivise 79 

Basolophus  inomatus,  enemy  of  Tipulidee 130 

Bartramia  hngicauda,  enemy  of  Sitones  hispidulus 37 

Beans,  food  plants  of  Aphis  maidi-radicis 102 

Chalcodermus  seneus 135 

Sitones  puncticollis  and  S.  lineatus 29 

Beard-grass,  BEairs.     (See  Andropogon  hallii.) 

Bird  enemies  of  Ilemileuca  oliviae 93 

Sitones  hispidulus 37 

Tipulidffi 129-130 

Bitterweed.    (See  Ambrosia  artcmisiifolia,) 
Blackbird,  bicolored.     (See  Agclaius  gubemator,) 

Brewer.    (See  Euphagus  cyanocephalus.)  ' 

crow.     (See  Quiscalus  quiscula,) 

red- winged.     ( See  Agelaius  phosniceus. ) 

yellow-headed.     (See  Xanthocephcdus  xanihocephalus.) 

"  Blue  bug, "  name  in  Carolinas  for  Aphis  maidi-radicis  on  cotton 97 

Blue-joint.     (See  Agropyron  smithii.) 
Bobolink.     (See  Dolichonyx  oryzivorus.) 

Boll  weevil,  cotton,  Chalcodermus  seneus  mistaken  therefor 133 

Bomhycilla  cedrorum^  enemy  of  Tipulidce 130 

Bonasa  um^ellu^i,  enemy  of  Sitones  hispidulus 37 

Tipulid8e 129 

Bouteloua hirsuta,  food  plantof  Hemileuca olivix 79 

oligostachya^  food  plant  of  Hemileuca  oliviss 79 

racemed.     (See  Atheropogon  curtipendula.) 
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Bracon  B^.y  parasite  of  Phytonomus  nigrirostris 11 

Brassica  nigra  ^  food  plant  of  Aphis  maidi-radicis 102, 104 

olemceUy  food  plant  of  Aphis  maidi-radicis 104 

Brome-grass.     (See  Bromus  polyanthus.) 

Bramus  polyanthus^  food  plant  of  Eemileuca  olivix 79 

Broom  com,  food  plant  of  Aphis  Tnaidi-radicis 97 

Contarinia  sorghicola 44 

Buchloe  dactyloideSy  food  plant  of  Eemileuca  olivix 79 

Buphthalmum  salicifolium,  food  plant  of  Phytxmomus  nigrirosiris 1 

Burning  clover  fields  in  winter  to  destroy  clover-root  curculio^.^ 38 

the  range  to  destroy  New  Mexico  range  caterpillar — : 94-95 

Buteo  platypterusj  enemy  of  Sitones  hispidulus • 1 37 

Buttonweed.    (See  Diodia  teres  and  D,  virginiana,) 

Cabbage,  food  plant  of  Aphis  maidi-radids Ill 

Cajeput  oil  against  slender  seed-corn  ground-beetle 24-26 

Calandra  oryza^  destructive  to  sorghum  seed 39 

Callistephu3  hortensis,    {See  Asters,  China  or  German.) 

Capsella  hursapastoris,  food  plant  of  Aphis  mavdi-radids 102, 104 

Carbolic  acid  against  corn  root-aphis 107 

slender  seed-corn  ground-beetle 24-26 

"  Careless  weed . "    ( See  Arrwranthus  spinosus. ) 
Catbird .     ( See  Dumetella  carolinensis. ) 

Catherpes  mexicanus  punctulatuSy  enemy  of  Tipulidae 130 

Cedarbird.     (See  Bombydlla  cedrorum.) 

Chxtvra  pelagica,  enemy  of  Sitones  hispidulus 37 

Chaicis  ovata,  parasite  of  Eemileuca  olivix 88 

Chaicodermus  ssneus 133-146 

adult,  description 136^137 

habits  and  life-history  records 142-143 

bibliography 146 

description 136-137 

distribution 134, 135 

egg,  description 136 

life-history  records 138-140 

feeding  habits 137-138 

food  plants 135-136 

habits 138-143 

larva,  description 136 

habits  and  life-history  records 140-141 

life-history  records 138-143 

mistaken  for  cotton  boll  weevil 133 

parasites. 144-146 

published  records 134-135 

pupa,  description 136 

life-history  records 142 

remedies 146 

seasonal  history 143-144 

Chamaeafasciata,  enemy  of  Tipulidae 130 

Chat,  yellow-breasted.    (See  Icteria  virens.) 

Chenopodium  albums  food  plant  of  Aphis  maidi-radids 101, 103, 104 

Chickadee,  black-capped.    (See  Penthestes  atricapillus.) 
Carolina.    (See  Penthes^^  carolinensis.) 
mountain.    (See  Penthestes  gambeli.) 


Digitized  by  VjOOQ IC 


150         PAPEB8  ON  CEBEAIj  AND  FORAGE  INSECTS. 

ChordeiU$  oaUipennis  texensis,  enemy  of  Tipiilid» 129 

virffinianut,  enemy  ot  8iUme$  hispidulus 87 

Tipulidse 129 

Citronella  oil  against  slender  seed-corn  ground-beetle 24-26 

Clean  harvesting  of  s(»^um  as  remedy  against  sor^^um  midge 56 

Clivina  vnpretfifroni lS-28 

adult,  description 17,  IB 

bibliography 28 

character  of  ground  most  liable  to  infestation 18-19 

depredations,  records 21-24 

descriptions  and  life-history  notes 14-19 

distribution 13 

egg,  description  and  life-history  notes 14 

generations,  nimiber 17 

hibernation 18 

injury,  character 20-21 

larva,  description 14-16 

life-history  notes 16 

life-history  notes  and  descriptions 14-19 

'    natural  enemies 27 

preventive  measures 27 

pupa,  description 15-17 

life-history  notes 17 

rearing  experiments 15-3D 

repellents  applied  to  seed  com 24-26 

weather  conditions  during  period  of  experiments 21 

Clover,  alsike.    (See  Trtfolium  hybridum.) 

crimson.    (See  Tri/olium  xTiairnatum.) 

ciuf  ulio,  flavescent.    (See  Sitones  flavescens.) 

fields,  burning  in  winter  to  destroy  the  clover-root  curcnlio 88 

food  plant  of  Sitones  puncticollis  and  S.  lineatus 29 

Tipula  hicomis 120 

simplex 121 

Japan .    (See  Lespedeza  striata. ) 

leaf  weevil,  lesser.    (See  Phytonomus  nigrirostris.) 

manmioth.    (See  Trtfolium  medium.) 

red,  food  phut  oi  Phytonomus  nigrirostris 1,12 

SitOTies  flavescens S9 

hispidulus ST 

root  borer.    (See  HylasHnus  ohscurus.) 
cmculio.    (See  Sitones  hispidulus.) 

short  rotation  against  clover-root  curculio 31 

white,  food  plant  of  Phytonomus  nigrirostris U 

Sitones  flavesce)i8 21 

hispidulus 51 

Cloves,  oil,  against  com  root-aphis 1*" 

Coccyzus  americanus,  enemy  of  Tipulidae 13 

erythrophthalmu^f  enemy  of  Tipulidro 121 

%  C<x*klebiur.    (See  Xanthium  canadense.) 

Colaptes  auratus,  enemy  of  Sitones  hispidulus ^ 

Tipulidw .* laP 
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Oontarinia  Borghieola 39-58 

adult,  deocription 45-17 

"cocooned  larva, **  description 48-49 

copulation 49 

descriptions 45-49 

distribution 42 

egg,  description 47 

location 51-52 

emergence 49 

generations,  number *. .        52 

habits 49-52 

hibernation 54-55 

history  in  America ,...  40-42 

host  plants 44-45 

investigations  in  Louisiana  and  Texas  during  1908  and  1909 .  42-44 

larva,  description 47-48 

larvae,  location 52 

length  of  life  of  adult 53 

life  cy cl  e 52-54 

history 49-52 

natural  enemies 55-57 

oviposition 50-51 

pupa,  description. . .'. 48 

location 52 

rearing  methods 43-44 

relation  of  Johnson  grass  to  its  control 55 

remedial  measures 58 

seasonal  activity 53-54 

Com,  cultivation  and  rotation  against  com  root-aphis 106-107 

food  plant  of  Aphis  maidirradici» 97, 101, 104, 108 

fertilization  against  com  root-aphis 106 

late  planting  against  slender  seed-corn  ground-beetle 27 

root-aphis.    (See  Aphis  maidirradicis.) 

eeed,  food  of  Clivina  impressijrons 13, 18-28 

treatment  to  repel  com  root-aphis 107-108 

slender  seed-com  ground-beetle 24-26 

fihort  rotation  against  com  root-aphis 106 

Carvus  hrachyrhynchos,  impwtant  enemy  of  Tipulidse 129 

CosTnoM  bipinnatus,  food  plant  of  Aphis  middletoni 113, 115 

Cotton,  cultivation  and  rotation  against  com  root-aphb 108-109 

food  phjit  ot  Aphis  Tnaidi-radids 97,108-109 

Chalcodermus  smeus 135-136,137-138 

prevention  of  injury  by  cowpea  curculio 146 

>>wpea  curculio.    (See  Chalcodermus  smeus.) 

food  plant  of  Aphis  maicH-radicis 102 

Chalcodermus  ssneus 135, 137 

Btorii^  pods  to  destroy  cowpea  curculio 146 

Jrane-fly,  smoky.    (See  Tipula  infuscata.) 

Tremastogaster  lineolataj  attendant  on  ApMs  maidi-radicis 115 

middletoni 115 

vara,  opaca  and  c2ara,  attendant  on  Aphis  middletoni, . . .       115 
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Crop  rotation  against  com  root-aphis 106 

''meadow  maggots " 130-131 

short,  against  clover-root  curculio 38 

Crow.    (See  Corvut  hrachyrkyncKo*.) 
Cuckoo,  black-billed.     (See  Coccyzus  erythrophthalmus.) 
Eamchatkan.    (See  Cuculxu  canorus  ulephonus.) 
yellow-billed.     (See  Coccyzus  americantu.) 

Cuadus  canonu  UlephoniLS,  enemy  of  Tipulidse 129 

Cudweed.    (See  Gnaphalium  purpureum.) 

Cultural  remedies  against  clover-root  curculio 38 

com  root-aphis 106-107 

cowpea  curculio 146 

"meadow  maggots" 130-131 

slender  seed-corn  ground-beetle 27 

soighum  midge 58 

"Cutworms, "  erroneous  local  name  for  larvse  of  Tipulidae 119 

Cyanociua  criatata^  enemy  of  Tipulidse 129 

sullen  J  enemy  of  Tipulidse 129 

Cyanospiza  ojncenaj  enemy  of  Tipulidse 130 

Cynara  scolymtu.    (See  Artichoke,  French.) 

"Daddy-long-legs,**  name  for  adult  Tipulidse 119 

harvest  spiders  (Phalangidae) 119 

Dahlia,  perhaps  food  phjai  o(  Aphis  maidi-radicis 97,111 

possible  food  plant  of  Aphis  middletoni 113, 115 

Dandelion,  dwarf.    (See  Krigia  vvrginica.) 

Dean,  W.  Ilarper,  paper,  "The  Sorghum  Midge  (CoTUarinia  [Diplosis]  sorghi- 

colaQoq.y 39^ 

Dendroica  ssstivay  enemy  of  Tipulidse 130 

auduboni,  enemy  of  Tipulidse 130 

Dicranomyia  venusta^  swarming 128 

Digizaria  sanguinalis,  food  plant  of  Aphis  maidi-radicis 102 

Diodia  teres,  food  plant  of  Aphis  maidi-radicis 101-103 

virginiaTuiy  food  plant  of  Aphis  maidi-radicis 101, 103 

Diplosis  sorghicola,    (See  Contarinia  sorghicola.) 

Disonycha  collata  on  Am^xranthits  spinosus 56 

glabrata  on  Amaranthus  spinosus 56 

Distichlis  spicala,  food  plant  of  Hemileuca  olivine 79 

Dock.    (See  Rumex  crispus  and  R.  altissimus.) 
Dog  fennel.    (See  Anthemis  cotula.) 

Dolichonyx  oryzivoruSf  enemy  of  Tipulidse 129 

Dorymyrmex  pyramicus,  attendant  on  Aphis  middletoni 116 

Dryohates  pubescenSf  enemy  of  Tipulidse 129 

DuTnetella  carolinensiSf  important  enemy  of  Tipulidse 129 

J&npidonax  difficilis,  enemy  of  TipulidsB 129 

flaviventris,  enemy  of  Tipulidro. 129 

minimus,  enemy  of  TipuHdae 129 

trailli,  enemy  of  Tipulidae 129 

virescens,  enemy  of  Tipulidae 129 

wrightij  enemy  of  Tipulidae 129 

Empusa  (Entomophthora)  sphasrospermaj  fungous  enemy  of  Phytonomus  nigri- 

rostris 11-12 

sp.,  fimgous  enemy  of  Pachyrhinaferruginea 130 
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Ennyomma  distoides,    (See  Myiophtma  senea.) 
globosa.    (See  Myiophasia  xnea.) 

Entomophthora  sphserosperma,  fungous  enemy  of  Phytonomus  nigrirostm 11-12 

Erax  varipes,  enemy  of  Hemileuca  olivix 92 

Erigeron  canadensiSy  food  plant  of  Apfns  maidi-radicis 102 

middletoni.. 98,114,116-119 

roTnosuSy  food  plant  of  Aphis  middletoni 114, 116 

root-aphis.    (See  Aphis  middletoni.) 

spp.,  food  plants  of  Aphis  middletoni 118 

Erioptera  graphicOy  aquatic  in  early  stages 120 

Erirhinus  viridis,  bibliographic  reference 12 

^Phyumomus  nigrvrostris 2 

Eupelmus,  undescribed  species,  parasitic  on  Chalcodermus  ssneus 145 

Euphagus  cyanocephaluSy  enemy  of  Tipulidse 129 

EupJiorocera  claripennis,  parasite  of  EemUeuca  olivix. 92 

Eurytomid  parasite  of  Chalcodermtis  seneus 145 

Fertilizers  against  com  root-aphis 106 

Finch,  Aleutian  rosy.    (See  Leuoosticte  griseonucha.) 
lazuli.    (See  Cyanospiza  amcena.) 
Lincoln.    (See  Melospiza  lincolni.) 
Fire.    (See  Burning.) 
Fleabane.    (See  Erigeron  canadensis.) 
Flicker.    (See  Colaptes  auraius.) 
Flycatcher,  Acadian.    (See  Empidonax  virescens.) 
crested.    (See  Myiarchus  crinitus.) 
least.    (See  Empidonax  minimtu.) 
Traill .    (See  Empidonax  trailli. ) 
western .    (See  Empidonax  difficilis. ) 
Wright.    ( See  Empidonax  wrighti. ) 
yellow-bellied .    (See  Empidonax  flaviventris.) 

Formica  schaufussiy  attendant  on  Aphis  maidi-radicis 105 

Fungous  enemy  of  Phytonomtis  nigrirostris 11-12 

Sitones  hispidulus 37 

enemies  of  Tipulidse 130 

Oallinago  delicata^  enemy  of  Tipulidae 129 

"Gallinippers,**  name  for  adult  Tipulidee 119 

Oeothlypis  trichaSy  enemy  of  Tipulidee 130 

Onaphalium  purpureumy  food  plant  of  Aphis  maidi-radicis 103 

Grackle,  purple.    (See  Quiscaltu  quiscula.) 
Grass,  bu^lo  (see  also  Buchloe  dactyloides). 

destruction  by  Hemileuca  olivix 61 

bunch.    (SeeSporoholusairoides.) 
crab .    (See  Digitaria  sanguinalis. ) 

food  plants  of  Tipula  bicomis 120 

simplex 121 

foxtail  or  pigeon.    (See  Setaria  glauca  and  5.  viridis.) 
grama  (see  also  BouteUma  oligostachya). 

destruction  by  Hemileuca  olivix 61 

hairy  mesquite.    (See  Bouteloua  hirsuta). 

QtBsBes  fed  upon  by  Hemileiuxi  oliviss 79 

probable  food  plants  of  Sitones  hispidulus 36-37 

Grazing  pastures  and  hay  fields  to  destroy  **meade»w  maggots'' 131 

Ground-beetle,  slender  seed-corn.    (See  Clivina  impressifrons,) 
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Grouse,  ruffed.    (See  Boncua  umbelhu.) 

"GrubB,"  local  name  for  larvBB  of  Tipulida 119 

Gull,  Franklin.    (See  LaruifrtmkHni.) 

OutUrrexia  sp.,  cocoons  of  HemUeuca  olivim  therein 80-81 

infesting  cattl e  range  in  N ew  Mexico 61 

Hair-grass  dropseed.    (See  Sporobohu  ainoides.) 

Barpahu  sp.,  enemy  of  Tipulidoe 128 

Hawk,  broad- winged.    (See  Buteo  platypUrus,) 

Hay  fields,  grazing  to  destroy  ''meadow  maggots'' 131 

EtUnium  Unutfoliumy  food  plant  of  Aphis  maidirratheis 103 

HeleodyUa  brunneicapUhu  couesif  enemy  of  TipuUdse 130 

HeUoj^dla  aUnlineaf  outbreak  in  New  Mexico 00 

Eehbia  puncHpenniSf  aquatic  in  early  stages « 120 

HemiUuca  hvahipai,  notes 64 

lare$ 64 

kr,  notes 64 

mania,  notes 64 

mariUia,  notes 64 

mtn«^,  notes 63 

ntCria,  notes 64 

inorha,  notes 63 

numa,  notes 64 

olivim  (see  also  Range  caterpillar.  New  Mexico) 60-96 

as  affected  by  pasturing 93^-94 

attraction  of  moths  to  li^ts 86 

color  of  moths  as  affected  by  changes  in  temperature 86-87 

defensive  method  of  moths 87 

description 65-69 

egg,  description 65 

life-history 69-72 

masses,  location 71 

hatching 71-72 

emergence  of  moths 82-84 

flight,  character 84-85 

during  storms 86 

food  habits  and  food  plants 79 

habits 69-87 

history  and  extent  of  outibveakin  New  Mexico 60-62 

insect  enemies 92 

parasites 87-92 

larva,  abundance 77-78 

fatal  effects  of  heat  thereon 78-79 

molting 75-76 

older,  habits 74r-76 

young,  habits 73-74 

larval  spines,  irritating  effects 76-77 

stages,  description 65-67 

length 76 

life  history 69^7 

moth,  description 67-69 

life  history  and  habits 82-87 

natural  enemies.  .r« 87-93 

notes 64 
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Hemileuai  olivix,  occurrence  of  moths  outside  of  New  Mexico 62-63 

oviposition 69-70 

pupa,  description 67 

life  history 79-82 

pupal  stage,  length 82 

pupation 79-82 

remedial  measures 94-96 

rubridorsa,  notes 63 

soToria,  notes 64 

race  olivix=Hem%leiuxi  olivia^ 63 

variety  htuilapai^Hemileuca  hualapai 63 

HUaria  cenckraides,  food  plant  of  HemUeuoa  olivix 79 

Hirundo  erythrogaster,  enemy  of  Tipulidse 130 

Hogs,  herding  to  destroy  '^ meadow  maggots" 130 

Holonmanibiginosa,  semiaquatic  in  early  stages 120 

Hordeum  csespitonmif  food  plant  of  HemUetioa  olivias ^ 79 

Horse-radish,  food  plant  of  Aphis  armoracea 113 

Hummingbird  (probably  Trochilua  alexandri),  enemy  of  Contarinia  sorghicola. .  57 

Hylastinus  obscvrus,  a  clover  pest 29 

Hylodchla  alidx,  important  enemy  of  Tipulidse 129 

fiucMcens,  enemy  of  Tipulid» 130 

guttaUiy  enemy  of  Tipulidse 130 

mustelinay  important  enemy  of  Tipulidse 129 

ustulata,  enemy  of  Tipulidae 130 

swainsoni,  enemy  of  Tipulidse 130 

Hypericum  gentianoidea,  food  plant  of  Aphis  maidi'Tadicis 103 

Hypostena  varidbiliSf  parasite  of  PhyUmomua  rUgrirostris 11 

Hyslop,  James  A.,  paper,  '*The  Smoky  Crane-fly  ( Tipula  infutcata  Loew) " .  119-132 

Icteria  vtrenSf  enemy  of  Tipulidae 130 

Icterus  hullocki,  enemy  of  Tipulidse 129 

galhxda,  enemy  of  Tipulidae • 129 

Ictinia  mississippiensiSf  enemy  of  Tipulidae 129 

Iridomyrmex  analiSf  attendant  on  Aphis  middletoni 116 

huvnlis,  enemy  of  Contarinia  sorghicola 67 

interference  with  rearing  experiments  on  Contarinia  sor- 
ghicola   44 

Iridoprocne  bicolor,  enemy  of  Tipulidae 130 

Iva  xantktfolia  (f),  iood  ^l&at  oi  Aphis  maidi-radicis 104 

Jay,  blue.    (See  Cyanocitta  cristata.) 
Steller.    (See  Cyanocitta  stellen.) 

Johnson  grass,  destruction  as  remedy  against  soighum  midge 58 

host  plant  of  Contarinia  sorghicola 44 

relation  to  Contarinia  sorghicola  and  its  ccmtrol 55 

Junco.    (Soe  Janco  kyemalis.) 

hyemaliSf  enemy  of  Tipulidae 129 

Kafir  com,  host  plant  of  Contarinia  sorghicola 44 

Kerosene  against  com  root-aphis 107 

Killdeer.    (See  Oxyedms  vociferus,) 
Kingbird.    (See  Tyrannus  tyrannus.) 

Arkansas.  (See  Tyrannus  vertioalis.) 
Kinglet,  raby-crowned.    (See  Regulus  calendula.) 
Kite,  Mississippi.    (See  Ictinia  mississippiensis.) 
Knotweed.    (See  Polygonum  muhUnbergii  and  P.  persicaria.) 

Erigia  virginica,  food  plant  of  Aphis  mmdi-radicis 103 
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Lamb's-quATten.    (See  Chenopodium  album.)  Pige. 

Lotus  franklinif  enemy  of  Tipulidse 129 

Lasi'Ua  al'Unus,  attendant  on  Aptns  maidirradicit  <m  BBtera 110 

flamiSj  attendant  on  Aphis  maidi-radicts 105 

interjectuSj  attendant  on  Aphis  maidi-radicis 106 

middletoni 116 

murphyif  attendant  on  Aphis  maidi-radicis 105 

niger  americanus,  attendant  on  Aphis  maidi-radicis 102,105 

middletoni 115 

Late  planting  of  com  against  Blender  seed-corn  ground-beetle 27 

"Leather-jackets,"  local  name  for  larvae  of  Tipulidse 119 

Lemon  oil  against  com  root-aphis 107-108 

slender  seed-com  ground-beetle 24-26 

Lepidium  apetalumj  food  plant  of  Aphis  mxxidi-radieis 103 

virginicumj  food  plant  of  Aphis  mmdirradicis 103 

LeptochloaJiliformiSf  food  plant  of  Aphis  maidi-radicis 101, 103, 113 

Lespedeza  striata^  food  plant  of  Tipula  infuscata 126 

LeucosticU  griseonuchay  enemy  of  Tipulidse 129 

LimnophUa  luteipennis^  aquatic  in  early  stages 120 

Linaria  canadensis^  food  plant  of  Aphis  maidi-radicis 103 

Lycurus  phleoides,  food  plants  of  Hemileuca  oliviss 79 

Man,  accidental  presence  of  larvae  of  Tipulidse  in  stomach 131 

Martin,  purple.    (See  Progne  suhis.) 
Meadowlark.     (See  Stumella  magna.) 

"Meadow-maggots,"  local  name  for  larvse  of  Tipulidse 119 

Medicago  saliva,  food  plant  of  Phytonomus  nigrirostris 12 

Sitones  hispidulus 37 

Melanerpes  erytkrocephaluSy  enemy  of  Tipulidse 129 

Melospiza  georgiana,  enemy  of  Tipulidse 129 

lincolnij  enemy  of  Sitones  hispidulus 37 

melodta,  enemy  of  Sitones  hispidulus 37 

Tipulidse 130 

Mentha  arvensis,  food  plant  of  Aphis  maidi-radicis 103 

canadensis,  food  plant  of  Aphis  maifH-radids 112 

Milo  maize,  host  plant  of  Contarinia  sorghicola 45 

Mint.     (See  Mentha  arvensis.) 

Mite,  Canestrinia  sp.,  enemy  of  Clivina  impressifrons 19, 27 

enemy  of  Hemileuca  oliviss 92-93 

Mniotilta  varia,  enemy  of  Tipulidse 130 

Monomorium  minutum,  var.  minimum,  attendant  on  Aphis  middletoni 116 

in  pupal  shells  of  Hemileuca  oliviss 93 

"Mosquitoes,  giant,"  local  name  for  adult  Tipulidse 119 

Muskmelon,  food  plant  of  Aphis  maidi-radicis 101 

Mustard .     ( See  Brassica  nigra . ) 

oil  against  slender  seed-com  ground-beetle 24-25 

Myiarchus  crinituSj  enemy  of  Tipulidse 129 

Myiasis,  accidental,  by  larvse  of  Tipulidse 131 

Myiockanes  richarclsoniy  enemy  of  Tipulidse 129 

virens,  enemy  of  Sitones  hispidulus 37 

Tipulidse 129 

Myiophasia  asnea,  parasite  of  Chakodermus  seneus 144-145 

Myrmica  scabrinodis,  attendant  on  Aphis  maidi-radicis 106 

Nigeiia  sorghiella,  destmctive  to  sorghum  seed 39 

Nighthawk.     (See  Chordeiles  virginianus.) 

Texan.  {Chordeiles  acutipennis  texensis.) 
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Nightshade,  common.    (See  Solanum  nigrum.) 

Ononis,  food  plants  of  Phytonomus  nxgrxrostris 1 

sjnnota,  food  plant  of  Phytonomus  nigrirostris 1 

Oporomia  tobnei,  enemy  of  Tipnlidee 130 

Oriole,  Baltimore.    (See  Icterus  galhula.) 
Bullock.     (See  Icterus  bullocki.) 

Oxalis  stricta,  food  plant  of  Aphis  maidi-radicis 102 

Oxyechus  vodferas,  enemy  of  Sitones  hispidulus 37 

TipulidflB 129 

Packyrhina/emigiTieaf  Empusa  sp.  an  enemy 130 

flying  in  March  and  April 120 

second  brood  flying  in  August  and  September 120 

macrocera,  flying  in  March  and  April 120 

most  species  flying  in  June 120 

semiaquatic  in  early  stages 120 

sodaliSf  flying  in  August  and  September 120 

Passerculus  sandwichensisy  enemy  of  Tipulidse : 129 

Passerella  Uiaca,  enemy  of  Tipulidse 130 

Passerina  nivalis^  enemy  of  Tipulidae 129 

Pasturing  against  *'meadow  maggots " 130, 131 

in  its  effects  on  Hemileuca  oliviss 93-94 

Peas,  food  plants  of  Sitones  puncticollis  and  S.  lineatus 29 

*  *  Pea  weevils. ' '    (See  Sitones  puncticollis  and  S.  lineatus. ) 

Penthestes  abricapilluSf  enemy  of  Tipulidce 130 

carolinensiSy  enemy  of  Tipulidse 130 

gamheli,  enemy  of  Tipulida 130 

Pepper  grass.    (See  Lepidium  apetalum.) 

water.    (See  Polygonum  hydropiperoides.) 

Petrochelidon  lunifrons,  enemy  of  Tipulidae 130 

Pewee,  western  wood.    (See  Myiochanes  richardsoni.) 
wood.    (See  Myiochanes  virens.) 

Pheidole  dentata  comuiata,  attendant  on  Aphis  maidi-radicis 102 

sp.,  attendant  on  Aphis  middletoni 116 

vinelandicaf  attendant  on  Aphis  maidi-radicis 102, 105 

middletoni 116 

Phillips,  W.  J.,  paper,  *'The  Slender  Seed-corn  Ground-beetle  (Clivina  im- 

pressifrons  Lee.) " 13-28 

Philohela  minor,  enemy  of  Tipulidro 129 

Phoebe,    {^ee  Sayomis  phahe.) 

black.     (See  Sayomis  nigricans.) 
Say .     (See  Sayomis  sayu>s . ) 

Phytonomus  nigrirostris 1-12 

adult,  description 11 

bibliography 12 

description 11 

dispersion,  trend,  and  methods 4-5 

egg,  description : 11 

food  plants 12 

history  in  America 2-4 

investigations  in  the  District  of  Columbia  and  vicinity.  5-10 

larva,  full-grown,  description 11 

young,  description 11 

natural  enemies 11-12 

pupa,  description 11 

seasonal  history 10 
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PhyUmamut  punctatus,  a  clover  pest 29 

work  in  clover  leaves 6, 9, 10 

Pigweed.    (See  Amaranthtu  hybridu$.) 

Pimpla  conquisitor^  parasite  of  HemiUuca  olivix 88 

sanguinipeSf  parasite  of  HemiUuca  oliviae 88 

Pineweed.    (See  Hypericum  gentianoides.) 

Piranga  ItuhvicianOj  enemy  of  Tipulidee 130 

Planestiau  migratorius,    (See  Robin.) 

Plantago  aristata^  food  plant  of  Aphu  matdi-radicia 103 

major,  food  plant  of  u4pW«  miiidi-mrficM 102,103 

rugelii,  food  plant  of  Aphis  Tnaidi-radicia 102 

Plantain.    (See  Plantago  ariztata,  P.  major,  and  P.  mgehi.) 

Platynus  sp. ,  enemy  of  Tipnlidse 128 

Plover,  upland.    (See  Bartramia  longicauda.) 

Plowing,  early,  against  com  root-aphis 106-107 

Polygonum  hydropiperoides,  food  plant  of  Aphi$  maidi^radicis 103 

lapaihi/olium,  food  plant  of  Aphis  maidi-radicii 102 

muhUribergii,  food  plsjit  ot  Aphis  maidi-^adicis 103 

persieariaj  food  plant  of  Aphis  maidi-radieis 102, 104 

Ponera  coardala,  var.  pennsylvanica,  attendant  on  Aphis  middletoni 116 

Portulaca  oleracea,  food  plant  of  Apkis  matdi-radicis 102, 103 

Poverty  weed.    (See  IHodia  teres.) 

Predaceous  enemies  of  Contarirna  sorgkicola 57 

Prenolepis  imparis,  attendant  on  Apkis  middletoni 116 

Progne  suhis,  enemy  of  Tipulid« 130 

Psaltriparus  minimus,  enemy  of  Tipulidje 130 

Psilopodinus  flaviceps,  enemy  of  Contarinia  sorghicola 57 

Pterostichus  femoralis,  probable  enemy  of  Tipida  infuscata 1^ 

Iu4mblandu8,  probable  enemy  of  Tipula  infuscata 128 

Pumpkin,  food  plant  of  Aphis  matdi-radicis 97,  111 

Purslane.    (See  Portulaca  oleracea.) 

Qtdscalus  quiscula,  enemy  of  Sitones  hispidulus 37 

Tipulidse 129 

Radish,  food  plant  of  Aphis  mmdi-radids '  102 

Ragweed.    (See  Amhrosia  trifida.) 

Range  caterpillar.  New  Mexico  (see  also  Hemileuca  olivix), 

specific  identity 63-65 

Redstart.    (See  Setophaga  ruticilla.) 

Regulus  calendula,  enemy  of  Tipulidse 130 

Repellents  against  com  root-aphis 107-108 

slender  seed-com  ground-beetle 24-26 

Rhyncholophus  sp.,  enemy  of  Hemileuca  olivise 92-93 

TipulidflB 128 

Rico  weevil.    (See  Calandra  oryza.) 

Riparia  riparia,  enemy  of  Tipulidee 130 

Robber-fly  enemies  of  Hemileuca  olivise 92 

Robin,  enemy  of  Hemileuca  olivix 93 

Tipulidse 129 

Rolling  the  ground  to  destroy  New  Mexico  range  caterpillar 95 

'*meadow  maggots" 130 

"Root  louse, "  name  in  Carolinas  for  Aphis  maidi-radicis  on  cotton 97 

Rumez  altissimus,  food  plant  of  Aphis  maidi-radicis 102 

crispus,  food  plant  of  Aphis  maidi-radicis 102, 104 

Salpinctes  ohsoUtus,  enemy  of  Tipulidfie 130 
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SaUola  traguSf  infeetiDg  cattle  range  in  New  Mexico 61 

Salt  against  Tipulidae 130 

Sapeucker,  yellow-bellied.    (See  Sphyrapicus  vmrius.) 

Sayomis  nigricans^  enemy  of  Tipulidce 129 

phosbe,  enemy  of  Tipulidae 129 

sayuSj  enemy  of  Tipulidae 129 

Scutellaria  drummondii,  food  plant  of  Aphis  mcndi-radicis 104 

Seed-corn  maggot,  injury  to  seed  com 25 

Selenia  (?)  sp.,  food  plant  of  Aphis  mmdi-radieis 104 

Setaria  fflauca,  food  plant  of  Aphis  maidi-radicis 102, 103 

Contarinia  sorghicola 45 

viridis,  food  plant  of  Aphis  mcddirradicis ^ 102 

Setophaga  nUicillaj  enemy  of  Tipulidae 130 

Sheep,  herding  to  destroy  "meadow  maggots " 130 

Sheep  weed.    (See  Outierrezia  sp.) 

Shepherd's  purse.    (See  Capsella  hwrsapastoris.) 

Sieglingia  seslerioideSy  host  plant  of  Contarinia  sorghicola 45 

Sigalphus  sp.,  parasite  of  Chalcodermus  seneus 145 

Siphoplagia  anomalaj  parasite  of  Hemileuca  olivige 92 

Sitanium  jubatum,  food  plant  of  Hemileuca  olivise 79 

Sitones  flavescens^  destructive  to  red  and  white  clover 29 

number  of  broods  annually 33 

Jissmorrhoidalis=' Sitones  hispidulv^ 30 

hispiduhis 29-38 

adult,  description 34 

bibliography 38 

bird  enemies 37 

descriptions , 34-35 

egg,  description 35 

feeding  habits 36 

food  plants 36-37 

history  in  America 31-32 

foreign  countries 30-31 

larva,  description 35 

natural  checks 37 

preventives  and  remedies 38 

pupa,  description 35 

seasonal  history 32-34 

lineatus,  hibernation 32 

injurious  to  peas,  beans,  and  clover 29 

number  of  broods  annually 33 

puncticolliSf  hibernation 32 

injurious  to  peas,  beang,  and  clover 29 

number  of  broods  annually 33 

Skullcap.     (See  Scutellaria  drummondii,) 
Smartweed.    (See  Polygonum  lapathi/olium.) 
'  *  Snake- weed . "    (See  Outierrezia  sp. ) 
Sneezeweed.    (See  Helenium  tenuifolium.) 
Snipe,  Wilson.    (See  Gallinago  delicata.) 
Snowflake.    (See  Passerina  nivalis.) 

Solanum  nigrum^  food  plant  of  Aphis  maidi-radicis 104 

Solenopsis  debilist  attendant  on  Aphis  mxiidi-radicis 106 

geminata,  attendant  on  Aphis  middletoni 116 

molesta,  attendant  on  Aphis  middletoni 116 
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S<Hghiim,  bagging  heads  as  protection  against  BOighum  midge 5S 

clean  harvesting  against  sorghum  midge 58 

destroying  heads  of  first  crop  as  remedy  against  sois^um  midge 58 

food  plaint  ot  AphU  matdi-radicis 87 

CorUarinia  Morgkicola 4445 

midge.    (See  Contorimator^Atooto.) 

sweet,  host  plant  of  CorUarinia  sorghicola,  varieties  attacked 44-45 

Sorrel.    (See  Oxalis  »tricta.) 

Sparrow,  Aleutian  savanna.    (See  Passerculus  sandivichensis.) 

chipping.    (See  Spizella  passerina.) 

English,  destructive  to  sorghum  seed 3N0 

fox.    (See  Passerella  iliaca.) 

song.    (See  Melospiza  melodia.) 

swamp.     {See  Melospiza  georgiana.) 

white  crowned.     (See  Zonotrichia  leucophrys.) 
throated.     {See  Zonotrichia  albicoUis.) 

Sphyrapicus  vanta,  enemy  of  Tipulidfie 129 

Spike-grass,  marsh.    (See  Distichlis  spicata.) 

Spizella  paaserinay  enemy  ol  Sitones  hispiduliu 37 

Sporoholus  airoides,  abundance  of  range  caterpillars  thereon 77 

food  plant  of  HemUeuca  olivix 79 

Sporotrichum  densunif  fungous  enemy  of  Tipula  infuscata 1^ 

Squash,  food  plant  of  Aphis  maidi-radids ^ 

Stelgidopteryx  serripennis,  enemy  of  Tipulidae 130 

Stenopogon  picticomisy  enemy  of  Hemileuca  olivix ^ 

Strawberria*^,  food  plants  of  Aphis  maidi-radicis 97,  HI 

Stumella  magnay  enemy  ot  Sitones  hispidulus 37 

TipulidfiB 12^ 

Swallow,  bank.     (See  Riparia  rtparia.) 

bam.    (See  Hirundo  erythrogasUr.) 

cliff.     (See  Pelrochelidon  lunifrons.) 

rough-winged.    (See  Stelgidopieryx  serripennis.) 

tree.     (See  Iridoprocne  hicolor.) 
Swift,  chimney.     (See  Chxtura  pelagica.) 

Tachina  mellay  parasite  of  Tlemileuca  olivix ^ 

Tanager,  western.     (See  Piranga  ludovidana.) 

Telmatodytes  palustriSy  enemy  of  Tipulidae ^ 

Temperature  as  affecting  change  in  color  of  moths  of  Hemileuca  olivix ^^ 

Tetrastichus  sp. ,  parasite  of  CorUarinia  sorghicola ^^ 

Teucrium  laHniatumy  food  plant  of  Aphis  maidi-radicis 

Thistle,  Russian.     (See  Salsola  tragus.) 
Thrasher,  brown.    (See  Toxostoma  rvfum.) 

California.    (See  Toxostoma  redivivum.) 
Thrush,  Alaska  hermit.    (See  Hylocichla  guttata.) 
Alice.     (See  Ilylocichla  alicise.) 
russet-backed.    (See  JTylocichla  ustuUUa.) 

Swainson.     (See  Hylocichla  ustulata  stoainsoni.) 

Wilson.     (See  Hylocichla  fuscesens.) 

wood,     {^ee  Hylocichla  mustelina.)  ^ 

Thryomanes  bewickiiy  enemy  of  Tipulidae 

Timothy,  Texan.     (See  Lycurus  phleoides.)  .n^ 

Tipula  ahdominaliSy  aquatic  in  early  stages .^ 

flying  in  August  and  September 
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Tipula  angulatay  flying  in  July 120 

angustipennxSy  egg-laying  capacity 127 

flying  in  May 120 

hioomiSy  attacking  clover,  grass,  and  wheat 120 

egg-laying  capacity 127 

flying  in  June 120 

second  brood  flying  in  August  and  September 120 

costalisy  flying  in  August  and  September 120 

eltUaf  flying  in  March  and  April 120 

flavicansy  fl3dng  in  October 120 

fuligxnoBat  flying  in  Jime 120 

graphica,  fljdng  in  June 120 

gratat  flying  in  July 120 

JieheSy  fljdng  in  August  and  September 120 

infuscata 119-132 

adult,  description 121-122 

description 121-126 

egg,  description 122 

flying  in  October 120 

insect  enemies 128 

larva,  description 123-125 

life  history 126-128 

natural  enemies 128-130 

parasites 128 

pupa,  description 125-126 

remedial  and  preventive  measures 130-131 

Sporotrichum  densum  an  enemy 130 

Umgicomis ; 131 

macrolabis,  flying  in  August  and  September 120 

oleracea  et  al.,  important  pests  in  Europe 121 

several  species  semiaquatic  in  early  stages 120 

simpleXy  destroying  clover,  grass,  and  wheat 121 

apemaz,  flying  in  May 120 

tephrocephalay  egg-laying  capacity 127 

flying  in  June 120 

tricolor y  flying  in  July 120 

trivittata,  flying  in  June 120 

validaf  flying  in  August  and  September 120 

virgOf  flying  in  March  and  April 120 

Tipulidee,  bibliography  of  American  species  in  their  economic  aspects 132 

bird  enemies 129-130 

economic  importance 120-121 

fungous  enemies 130 

insect  enemies 1^8 

larvae  as  accidental  inhabitants  of  man 131 

natural  enemies i 128-130 

parasites 128 

remedial  and  preventive  measures 130-131 

Tit,  bush.    (See  PsaUriparus  minimtu.) 

wren.    (See  Chamxafasciata.) 
Titmouse,  plain.    (See  Bxolophua  inomatus.) 
Toadflax.    (See  Linaiia  canadensis.) 

Toxostoma  redlvivum^  enemy  of  Tipulidse 130 

rvfum,  enemy  of  Tipulid® 130 
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Tiefoila,  food  plants  of  PkytonomM  mffnrottriM 1 

Trichocera  bimacuki^  swarming 128 

THfolium  agrarium^  food  plant  of  Phytonomui  ntprtrottru 2 

hyhrtdunif  food  plant  of  Ph^lonomuB  mgrvrotins 12 

Silones  hispidtUui 37 

incttfnatumf  food  plant  of  Phyumomus  nigrira$trU. 12 

Skomt  Mtpiditku 37 

medium^  food  plant  of  Phytonomui  nigrutoitris^ 12 

pratenn.    (See  Clover,  red.) 
repem.    (See  Clover,  white.) 

Trombidium  sp.,  enemy  of  TipulidsB 128 

Turnips,  food  plants  of  Aphis  Tnaidi-radicii 101-102 

Tyrannus  tyrannus,  enemy  of  Tipulidse 129 

verticalis,  enemy  of  Tipulidsa. 129 

Verbena  canadenaUj  food  plant  of  AphU  mauH-radicis 104 

Vervain.    (See  Verbena  canadenm.) 

Vickery,  R.  A.,  paper,  *' Contributions  to  a  Knowledge  of  the  Com  Root-aphis 

(Aphi*  maidirradicii  Forbes) " 97-118 

Fireo  griuus,  enemy  of  Tipulidse 130 

least.    (See  Vireo  pusillus.) 

ptMlus,  enemy  of  TipulidsB 130 

white-eyed.    (See  Vireo  gr%$eui.) 
Warbler,  Audubon.    (See  Dendroica  avduhoni.) 

black  and  white.    (See  MrdotiUa  varia.) 
Macgillivray.    (See  Oporomis  tolmei,) 
Wilson.    (See  WiUonia  pusiUa.) 
yellow.    (See  Dendroica  s^tiva,) 

Watermelon,  food  plant  of  Aphis  maidv-radicis 102,  111 

Webster,  F.  M.,  paper,  "The  Lesser  Clover-leaf  Weevil  (Phytonomusnignrostris 

Fab.)" 1-12 

Wheat,  food  plant  of  THptUa  bicomis 120 

simplex 121 

'* White  maggots,''  name  for  larvse  of  Sitones  puricticollis  and  S.  Uneattis 29 

Wildermuth,  V.   L.,   paper,   "The  Clover-root  Curculio  (Sitones  hdspiduius 

Fab.)" 29-38 

Wilsonia  pusilla,  enemy  of  Tipulid» 130 

Winthemia  qxiadripustuUuay  parasite  of  Heliophila  albilinsa 92 

Wireworms,  injury  to  seed  corn 25 

Woodcock.    (See  Philohela  minor.) 
Woodpecker,  downy.    (See  Dryobates  pubescens.) 

red-headed.    (See  Melanerpes  erythrocephalus.) 

Wormseed  oil,  repellent  against  slender  seed-corn  groundobeetlo^ 24-25 

Wormwood,  Roman.    (Bee  Ambrosia  artemisiifolia,) 
Wren,  Bewick.    (See  Thryomanes  bevnckii.) 

cactus.    (See  Heleodytes  brunneioapillus  omssL) 
dotted  cafion.    (See  Catherpes  mexicanus  pimctulatus.) 
long-billed  marsh.    (See  Tebnatodytes  paltistris,) 
rock.    (See  Salpinctes  obsolettis,) 

Xanthium  canadense,  food  plant  of  Aphis  maidi-radicis^ 103 

Xanthocephalus  xanthocephalus,  enemy  of  Tipulidae 129 

Yellowthroat,  Maryland.    (See  Geothlypis  trichas,) 

Zonotrichia  aWicolliSy  enemy  of  Sitones  hispidulus 37 

TipulidfiB 129 

leucophrySf  enemy  of  Tipulidae 129 
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